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A B S T R A C T 
T h e L i t t l e B u r r o M o u n t a i n s a r e a s m a l l f a u l t - b l o c k 
m o u n t a i n r a n g ® In c e n t r a l G r a n t C o u n t y , N e w M e x i c o . R o o k s 
o f t h e P r e c a m b r i a n B u r r o M o u n t a i n s b a t h o l i t h a r e e x p o s e d 
a l o n g t h e s o u t h w e s t s c a r p o f t h e m o u n t a i n s , a n d a r e o v e r l a i n 
b y U p p e r ( ? ) C r e t a c e o u s B e a r t o o t h q u a r t z i t e a n d C o l o r a d o 
s h a l e . F a u n a l e v i d e n c e i n d i c a t e s t h e C o l o r a d o t o b e o f T u r -
o n i a n a g e . A b o v e t h e C r e t a c e o u s s t r a t a i s a t h i c k s e q u e n c e 
o f T e r t i a r y v o l c a n i c r o c k s . A b l a n k e t o f P l e i s t o c e n e a n d 
R e c e n t p o o r l y c o n s o l i d a t e d g r a v e l s a n d c o n g l o m e r a t e s c o v e r e d 
t h e a r e a , b u t h a s b e e n p a r t l y r e m o v e d a s a r e s u l t o f u p l i f t 
a l o n g t h e M a n g a s f a u l t , w h i c h f o r m s t h e s t e e p s c a r p b o u n d i n g 
t h e s o u t h w e s t s i d e o f t h e r a n g e • S t r a t a d i p n o r t h e a s t f r o m 
t h e M a n g a s f a u l t . F i s s u r e v e i n s c o n t a i n i n g g o l d , s i l v e r , 
m a n g a n e s e , l e a d , a n d c o p p e r t r a v e r s e t h e g r a n i t i c r o c k s o f 
t h e b a t h o l i t h , a n d , l o c a l l y , t h e T e r t i a r y v o l c a n i c s . M a n y 
s m a l l m i n i n g o p e r a t i o n s h a v e b e e n c a r r i e d o u t i n t h e p a s t . 
I N T R O D U C T I O N 
T h e L i t t l e B u r r o M o u n t a i n s , i n c e n t r a l G r a n t C o u n t y , 
N e w M e x i c o , i s a f a u l t - b l o c k m o u n t a i n r a n g e o f P r e c a m b r i a n , 
C r e t a c e o u s , a n d T e r t i a r y r o c k s u p l i f t e d a l o n g a n o r m a l f a u l t . 
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T h e a r e a i s i n p a r t t r a v e r s e d , b y o r e - b e a r i n g v e i n s w h i c h 
h a v e a t t r a c t e d s o m e m i n i n g a c t i v i t y i n t h e p a s t . 
E c o n o m i c i n t e r e s t in t h e g e o l o g y o f G r a n t C o u n t y d a t e s 
f r o m t h e l a t e E i g h t e e n t h a n d e a r l y N i n e t e e n t h C e n t u r i e s . 
C o p p e r m i n i n g , u n d e r t h e a u s p i c e s o f t h e g o v e r n m e n t o f S p a i n 
w a s i n a u g u r a t e d i n t h e S a n t a R i t a d i s t r i c t i n t h e y e a r 1 8 0 4 . 
T h i s a c t i v i t y , s e v e r a l m i l e s e a s t o f t h e L i t t l e B u r r o M o u n -
t a i n s » was. m e n t i o n e d b y L t . Zebulon P i k e i n h i s r e p o r t o f t h e 
e x p e d i t i o n o f 1 8 0 7 . 
L i t t l e i s k n o w n , o f t h e h i s t o r y o f t h e e c o n o m i c d e v e l o p -
m e n t o f t h e L i t t l e B u r r o M o u n t a i n s t h e m s e l v e s . A c t i v i t y 
m u s t h a v e b e e n n e a r i t s p e a k w h e n S i d n e y P a i g e v i s i t e d t h e 
a r e a i n 1 9 1 1 , p r e p a r a t o r y t o w r i t i n g t h e S i l v e r C i t y , f o l i o f o r 
t h e V. S . G e o l o g i c a l S u r v e y ( 1 9 1 6 ) . S i n c e t h a t t i m e o p e r a -
t i o n s h a v e w a n e d , u n t i l a t p r e s e n t t h e r e i s n o m i n i n g i n t h e 
a r e a . 
T h e a r e a i n c l u d e d i n t h i s r e p o r t ( F i g . 1 ) c o m p r i s e s 
a b o u t 18 t o 19 s q u a r e m i l e s i n t h e c e n t r a l p a r t o f t h e L i t t l e 
B u r r o M o u n t a i n s , a n d i n c l u d e s p a r t s o f T o w n s h i p s 18 S o u t h 
and 19 S o u t h , a n d R a n g e s 14 W e s t a n d 1 5 W e s t . N e w M e x i c o 
H i g h w a y 1 8 0 b o u n d s t h e a r e a o n t h e s o u t h e a s t , a n d U . S . 
H i g h w a y 2 6 0 l i e s a b o u t t w o m i l e s n o r t h o f t h e a r e a . T h e M a n g a s 
V a l l e y r o a d i s t h e s o u t h w e s t b o u n d a r y o f t h e a r e a . 
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F i g u r e I . L o c a t i o n of the a r e a . C r o s s - h a t c h i n g i n d i c a t e s area 
m a p p e d . 
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T y r o n e , N e w M e x i c o , i s o a t h e s o u t h w e s t e d g e o f t h e 
a r e a , o n t h e M a n g a s V a l l e y r o a d . S i l v e r C i t y , a t o w n o f 
S » § © 0 p e r s o n s a n d t h e c o u n t y s e a t l i e s t e n m i l e s n o r t h e a s t 
o f t h e L i t t l e B u r r o M o u n t a i n s . 
B e l i e f i n t h e L i t t l e B u r r o M o u n t a i n s i s m o d e r a t e . T h e 
h i g h e s t m e a s u r e d e l e v a t i o n i n t h e m a p p e d a r e a , 6 , 4 3 9 f e e t . , 
i s i n t h e s o u t h e a s t , , a n d t h e l o w e s t , 5 , 2 8 5 f e e t , i s n e a r t h e 
M a n g a s V a l l e y r o a d i n t h e n o r t h w e s t . ' P h y s i o g r a p h i c & l l y , t h e 
r e g i o n i s d i v i s & b l e i n t o t w o u n i t s : t h e l o w , r o l l i n g , i n c i s e d 
p l a i n a n d t e r r a c e d e v e l o p e d o n t h e p o o r l y c o n s o l i d a t e d , h o r i -
z o n t a l l y b e d d e d g r a v e l s a n d s a n d s o f P l e i s t o c e n e a n d R e c e n t 
a g e ( F i g . 2 ) . a n d t h e m o u n t a i n o u s t e r r a i n d e v e l o p e d o n t h e 
P r e c a m b r i a n , C r e t a c e o u s , a n d T e r t i a r y r o c k s . T h e m o u n t a i n s 
r e f l e c t t k e s t r u c t u r e o f t h e u n d e r l y i n g r o o k s . T h e y a r e 
a s y m m e t r i c a l w i t h & r e l a t i v e l y s t e e p s c a r p , t h e e x p r e s s i o n 
o f t h e M a n g a s f a u l t , o n t h e s o u t h w e s t s i d e . T h e n o r t h e a s t 
a i d e h a s a m u c h m o r e g e n t l e s l o p e . T h e m o r e r e s i s t a n t P r e -
c a m b r i a n r o c k s a n d t h e B e a r t o o t h q u a r t z i t e f o r m t o p o g r a p h i c 
h i g h s . T h e C r e t a c e o u s C o l o r a d o s h a l e s a n d s e v e r a l T e r t i a r y 
t u f f s a r e l e s s r e s i s t a n t , a n d t y p i c a l l y f o r m t o p o g r a p h i c l o w s 
( F i g . 3 ) . 
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Figure 2. Exposure of the gravels of Pleistocene and Recent age about 
one-half mile west «f the mouth of Redrook Canyon. Note the horizontal bedding 
of the gravels, and the gently rounded topography developed on this poorly resistant 
material. The camera faces north. 
T h e r e a r e n o p e r e n n i a l s t r e a m s in t h e a r e a , b u t s e v e r a l 
o f t h e i n t e r m i t t e n t s t r e a m s h a v e d e v e l o p e d l a r g e d r a w s a n d 
c a n y o n s . M a n g a s C r e e k , w h i c h f l o w s a l o n g t h e w e s t e r n a n d 
s o u t h w e s t e r n b o u n d a r y o f t h e a r e a , i s t h e l a r g e s t s t r e a m in 
t h e a r e a , i t i s an a c t i v e w a t e r c o u r s e o n l y f o l l o w i n g h e a v y 
r a i n s . 
B e d r o c k C a n y o n , w h i c h d r a i n s a m a j o r p o r t i o n o f t h e 
L i t t l e B u r r o M o u n t a i n s , i s a s u b s e q u e n t s t r e a m t r i b u t a r y t o 
t h e M a n g a s C r e e k , a n d h a s d e v e l o p e d o n t h e o u t c r o p o f t h e 
0 
C o l o r a d o s h a l e . I t d i v i d e s t h e c e n t r a l p a r t o f t h e m o u n t a i n s 
i n t o t w o l a r g e r i d g e s w h i c h p a r a l l e l t h e n o r t h w e s t e r l y s t r u c -
t u r a l t r e n d o f t h e a r e a ( F i g . 3 ) . 
Figure 3. View northwest along Bedrock Canyon from the foot of Bald 
Mountain. The Colorado shale outcrops to the foreground! the Beartooth 
quartzite supports the slope on the left. The hill in the distance is composed of 
volcanic rocks of Tertiary age. All strata dip to the right. 
T h e c l i m a t e i s s e m i - a r i d , w i t h a n a n n u a l r a i n f a l l o f 15 
t o 16 i n c h e s . M o s t o f t h e p r e c i p i t a t i o n o c c u r s d u r i n g t h e 
w e l l d e f i n e d r a i n y s e a s o n w h i c h b e g i n s a b o u t t h e f i r s t o f J u l y , 
a n d l a s t s t h r o u g h S e p t e m b e r . T e m p e r a t u r e s a r e n o t e x t r e m e , 
b u t t h e d i u r n a l v a r i a t i o n i s m a r k e d , a s i s t y p i c a l o f an e l e -
v a t e d , s e m i - a r i d r e g i o n . 
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T h r e e m o n t h s o f t h e s u m m e r o f 1 9 5 8 w e r e d e v o t e d t o 
f i e l d i n v e s t i g a t i o n s . F i e l d m a p p i n g w a s d o n e on U . S . G e o -
l o g i c a l S u r v e y a e r i a l p h o t o g r a p h s w h i c h h a d b e e n e n l a r g e d t o 
an a p p r o x i m a t e s c a l e o f 1 : 1 2 , 0 0 0 . D a t a w e r e t r a n s f e r r e d 
f r o m t h e s e p h o t o g r a p h s t o e n l a r g e m e n t s o f p a r t s o f t h e T y r o n e 
a n d W i n d M o u n t a i n 7 £ m i n u t e q u a d r a n g l e s b y m e a n s o f a F o c a l -
m a t i c D e s k P r o j e c t o r , a n d t h e r e s u l t i n g m a p w a s r e d u c e d t o 
a s c a l e o f 1 : 2 4 , 0 0 0 . 
P R E V I O U S W O R K 
T h e g e n e r a l g e o l o g y o f t h e c e n t r a l L i t t l e B u r r o M o u n t a i n s 
w a s f i r s t d e s c r i b e d b y P a i g e ( 1 9 1 6 ) a s a p a r t o f t h e S i l v e r 
C i t y f o l i o . L i t t l e e l s e h a s b e e n p u b l i s h e d d i r e c t l y c o n c e r n i n g 
t h e a r e a , P a i g e ( 1 9 1 1 ) h a d p r e v i o u s l y m a d e n o t e o f s o m e o f 
t h e m i n i n g a c t i v i t y i n an i n v e s t i g a t i o n o f m i n e r a l d e p o s i t s in 
t h e B u r r o M o u n t a i n s a r e a . A l s o , he b r i e f l y m e n t i o n e d t h e 
g e o l o g y o f t h e L i t t l e B u r r o M o u n t a i n s i n h i s s t u d y o f t h e 
T y r o n e o o p p e r d i s t r i c t ( 1 9 2 2 ) . G i l l e r m a n ( 1 9 5 2 ) d i s c u s s e d 
t h e g e o l o g y o f t h e B i g a n d L i t t l e B u r r o M o u n t a i n s in r e l a t i o n 
t o f l u o r s p a r d e p o s i t s . T h e a r e a w a s v i s i t e d b y t h e F o u r t h 
F i e l d C o n f e r e n c e o f t h e N e w M e x i c o G e o l o g i c a l S o c i e t y i n 1 9 5 3 , 
a n d i s d i s c u s s e d in t h e g u i d e b o o k f o r t h a t c o n f e r e n c e ( N e w 
M e x i c o G e o l o g i c a l S o c i e t y , 1 9 5 8 ) . 
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A C K N O W L E D G M E N T S 
T h e w r i t e r w o u l d l i k e t o t h a n k E l l i o t © i l l e r m a m f o r 
s u g g e s t i n g t h e a r e a f o r s t u d y , a m i f o r h i e s u p e r v i s i o n b o t h 
in t h e f i e l d a n d i n t h e l a b o r a t o r y , T h a n k s a r e e x t e n d e d t o 
K e i t h y o u n g , o f t h e D e p a r t m e n t o f G e o l o g y , U n i v e r s i t y o f 
T e x a s , f o r a s s i s t a n c e w i t h t h e p a l e o n t o l o g i o a l i d e n t i f i c a t i o n s . 
M r . a n d M r s . C . S , W o o d w a r d , w h o s e r a n c h c o v e r s p a r t o f 
I k e m a p p e d a r e a , w e r e m o s t k i n d t o t h e w r i t e r d u r i n g h i s s t a y 
i n t h e a r e a , n e t o n l y i n t h e i r w a r m h o s p i t a l i t y , b u t i n s u p p l y i n g 
c o n s i d e r a b l e i n f o r m a t i o n c o n c e r n i n g t c n e a s , m i n i n g , a n d h i s -
t o r y . 
S T R A T I G R A P H Y 
P r e c a m b r i a n c r y s t a l l i n e r e e k s , a n d C r e t n e e o u s , T e r t i a r y , 
a n d Q u a t e r n a r y l a y e r e d r o c k s a r e p r e s e n t i n t h e L i t t l e B u r r o 
M o u n t a i n s ( P l a t e 1 ) . M i s s i n g f r o m t h e s e c t i o n In t h i s a r e a 
a r e t h e P a l e o z o i c a n d l o w e r M e s o g o i c s t r a t a w h i c h o v e r l i e 
t h e P r e e a m b r i a n i n t h e S i l v e r C i t y r a n g e t o t h e n o r t h e a s t , 
a n d i n t h e S a n t a R i t a m i n i n g d i s t r i c t t o t h e e a s t . 
O u t c r o p s a r e g e n e r a l l y g o o d , a n d f o u r s e c t i o n s w e r e 
m e a s u r e d a n d d e s c r i b e d . ( A p p e n d i x ) . 
P r e o a m b r i a n 
R o e k s o f P r e e a m b r i a a a g e a r e e x p o s e d a l o n g t h e n o r t h - -
e a s t a i d e o f t h e M a n g a s f a u l t , i n f a u l t c o n t a c t w i t h Q u a t e r -
n a r y g r a v e l s a n d s a n d s . T w o m a j o r a n d o n e m i n o r r o o k 
u n i t s w e r e d i s t i n g u i s h e d : ( 1 ) m e t a t n o r p h i o r o o k s ; ( 2 ) g r a n i t e 
and r e l a t e d i n t r u s i v e r o o k s o f t h e B u r r o M o u n t a i n s b a t h o l i t h ; 
( 3 ) m i n o r a p l i t e a n d s p a r s e p e g m a t i t e d i k e s i n t r u d i n g t h e 
o t h e r r o o k t y p e s . 
M e t a m o r p h i c R o c k s 
A . . l a rge m a s s o f m e t a m o r p h i c r o c k s o f v a r i e d n a t u r e 
o c c u r s w i t h i n t h e i n t r u s i v e r o c k s o f t h e b a t h o l i t h . I t c r o p s 
o u t a l o n g t h e M a n g a s f a u l t n e a r t h e c e n t e r o f t h e a r e a . T h e s e 
m e t a m o r p h i c r o c k s , , p e r h a p s r e p r e s e n t i n g a r o o f p e n d a n t i n 
t h e b a t h o l i t h , a r e c h a r a c t e r i s e d b y d a r k o « l o r » , i n c o m p a r i -
s o n w i t h t h e l i g h t e r c o l o r e d s o l d r o o k s o f t h e b a t h o l i t h . O u t -
c r o p s o f t h e m e t & m o r p h i o r e e k s a r e g e n e r a l l y d a r k g r a y 
e x c e p t w h e r e s t a i n e d b r o w n b y i r o n o x i d e ® . M o s t o u t c r o p s 
a r e m a s s i v e , s h o w i n g n o f o l i a t i o n . 
F i e l d r e l a t i o n s h i p s o f t h e m e t a m o r p M o s e q u e n c e h a v e n o t 
b e e n s t u d i e d i n d e t a i l , a n d t h e r e l a t i v e a b u n d a n c e o f t h e v a r i o u s 
r o c k - t y p e s i s n o t k n o w n . H o w e v e r , t h r e e s p e c i m e n s h a v e b e e n 
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Figure 4. Amphibolite. The green and brown grains on whi oh traces of 
cleavage planes are visible are hornblende; the blue-gray striated grains are 
andesine (An 2 S ) . The small, opaque areas are grains of magnetite. Note the 
pair of caleite veinlets surrounded by limonite staining. X40, crossed nicols. 
s e l e c t e d for s tudy as b e i n g g e n e r a l l y r e p r e s e n t a t i v e of the 
m a i n s e q u e n c e of m e t a m o r p h i c r o c k s . 
T h e f i r s t of t h e s e i s a d a r k g r a y , d e n s e a m p h i b o l i t e 
n e a r the M a n g a s faul t in the SE 3 of S e c . 2 8 , T . 18 S . , » . 15 W . 
S p a r s e c a l e i t e v e i n l e t s one m i l l i m e t e r and l e s s in width a r e 
p r e s e n t on the b r o w n , i r o n ox ide s t a i n e d o u t c r o p . T h e s e v e i n -
l e t s a r e u s u a l l y w i d e l y s p a c e d (one to two f e e t ) , and may be 
f o l l o w e d f o r two to t h r e e f e e t a c r o s s the o u t c r o p . 
M i c r o s c o p i c s tudy of the a m p h i b o l i t e shows it to contain 
a p p r o x i m a t e l y equal a m o u n t s of x e n o b l a s t i c h o r n b l e n d e and 
a n d e s i n e ( A n 2 5 ) c o m p r i s i n g 9 6 % of the r o c k and m i n o r amounts 
of m a g n e t i t e ( F i g . 4 ) . The a n d e s i n e l o c a l l y s h o w s c l o u d y 
a l t e r a t i o n . The t e x t u r e i s g r a n o b l a s t i c . 
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T h e s e c o n d m e t a m o r p h i c r o c k s e l e c t e d f o r s t u d y i s a 
s i l l i m a n i t e ( ? ) k n o t t e d s c h i s t w h i c h c r o p s o u t a b o u t 1 , 0 0 0 
f e e t s o u t h w e s t o f t h e S n o w f i a k e M i n e . T h i s g r a y a n d g r a y -
b r o w n r o c k w e a t h e r s b r o w n , w i t h e x t e n s i v e i r o n o x i d e s t a i n 
o n t h e o u t c r o p . T h e s i l l i m a n i t e ( ? ) i s c o n c e n t r a t e d i n k n o t s 
o r c l u s t e r s w h i c h a r e m o r e r e s i s t a n t t o w e a t h e r i n g t h a n t h e 
r e m a i n d e r o f t h e r o c k , and t e n d t o s t a n d o u t a s r o u g h l y h e m i s -
p h e r i c a l k n o b s a b o u t t w o c e n t i m e t e r s in d i a m e t e r o n t h e 
w e a t h e r e d s u r f a c e . 
M i c r o s c o p i c i n v e s t i g a t i o n s h o w s t h i s r o c k t o b e c o m p o s e d 
o f 2 5 % a n h e d r a l q u a r t z g r a i n s a b o u t 0 . 7 m i l l i m e t e r s i n d i a m e t e r , 
3 0 % p l e o c h r o i c b i o t i t e f l a k e s , 1 5 % m u s c o v i t e f l a k e s , a n d 
a b o u t 2 0 % a f i n e l y f i b r o u s m i n e r a l w h i c h i s p r o b a b l y s i l l i -
m a n i t e ( F i g . 5 ) . T h e s i l l i m a n i t e ( ? ) o c c u r s i n c l u s t e r s a s 
f i n e l y f i b r o u s , c u r v e d n e e d l e s w h i c h a r e i n c l u d e d in s u r r o u n d -
i n g g r a i n s o f q u a r t z a n d m i c a . A r o u n d t h e s e k n o t s o f s i l l i -
m a n i t e ( ? ) a r e z o n e s o f h i g h b i o t i t e c o n c e n t r a t i o n . 
T h e t h i r d m e t a m o r p h i c r o c k c h o s e n f o r s t u d y i s a q u a r t z 
b i o t i t e h o r n f e l s c r o p p i n g o u t a b o u t 1 , 5 0 0 f e e t s o u t h w e s t o f 
t h e J e r s e y L i l y M i n e . T h i s d a r k g r a y - g r e e n r o c k w e a t h e r s 
b r o w n , w i t h e x t e n s i v e i r o n o x i d e s t a i n d e v e l o p e d o n t h e o u t -
c r o p . A f a i n t p l a n a r e l e m e n t v i s i b l e on t h e o u t c r o p a n d i n 
h a n d s p e c i m e n s u g g e s t s s c h i s t o s i t y , b u t m i c r o s c o p i c s t u d y 
F i g u r e s . Sillimanite (?) knotted schist. The sillimanite (?) is the 
finely fibrous, curvilinear, brown and gray mineral in the lower right corner. 
The remainder of the rock is pleochroic brown and green biotite, clear anhedral 
quartz, and some musoovite and plagioclase (?) X40, crossed nicols. 
r e v e a l s no o r i e n t a t i o n of m i n e r a l g r a i n s . The h o r n f e l s c o n -
s i s t s of about 9 5 % f ine ( 0 . 2 to 0 . 4 m i l l i m e t e r s in d i a m e t e r ) 
q u a r t z and b i o t i t e g r a i n s in n e a r l y equal p r o p o r t i o n . S m a l l 
a m o u n t s of m u s c o v i t e are p r e s e n t , and c h l o r i t e o c c u r s as an 
a l t e r a t i o n of the b i o t i t e . The t e x t u r e of the r o c k i s x e n o -
b l a s t i e - g r a n u l a r . 
G r a n i t e and R e l a t e d R o c k s 
G r a n i t e and r e l a t e d r o c k s of the B u r r o M o u n t a i n s b a t h o -
l i t h ( G i l l e r m a n , 1 9 5 6 ) c r o p out a long the s o u t h w e s t p a r t of 
the L i t t l e B u r r o M o u n t a i n s f rom C e d a r Canyon north to a 
point o n e - q u a r t e r of a m i l e n o r t h w e s t of the mouth of B e d r o c k 
C a n y o n . 
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In t h e n o r t h e r n p o r t i o n o f i t s o u t c r o p t h e r o o k i s a 
p i n k , m e d i u m - g r a i n e d g r a n i t e c o n t a i n i n g a b u n d a n t q u a r t z 
a n d p o t a s h f e l d s p a r , a n d s o m e b i o t i t e . N e a r t h e M a n g a s 
f a u l t t h i s r o o k i s h e a v i l y f r a c t u r e d , a n d c o n t a i n s m a n y v e i n -
l e t s o f r e d i r o n o x i d e . 
In t h e s o u t h e r n p o r t i o n o f i t s o u t c r o p , t h e r o c k o f t h e 
b a t h o l i t h i s q u a r t z m o n z o n i t i c in c o m p o s i t i o n , w i t h a s m u c h 
a s 5 0 % o f t h e t o t a l f e l d s p a r b e i n g a l b i t e ( A n g ) , a n d i s m e d i u m 
t o f i n e - g r a i n e d . T h e p o t a s h f e l d s p a r i s m i o r o c i i n e , a n d 
q u a r t z I s a b u n d a n t . M o s t f e l d s p a r g r a i n s s h o w c l o u d y a l t -
e r a t i o n , a n d f i n e f r a c t u r e s i n t h e r o o k c o n t a i n a b l a c k m a -
t e r i a l s i m i l a r t o t h e m a n g a n e s e o x i d e s o f t h e C o n t a c t M i n e . 
I n t r u d i n g t h e m e t a m o r p h i c m a s s n e a r t h e W o o d w a r d 
K a n c h i s a c o a r s e - g r a i n e d b i o t i t e q u a r t z d i o r i t e p o r p h y r y , 
w h i c h h a s a m o t t l e d g r a y a n d b l a c k a p p e a r a n c e on t h e o u t c r o p , 
and w e a t h e r s a g r a y - b r o w n d u e t o i r o n o x i d e s t a i n . 
T h e p o r p h y r y i s c o m p o s e d o f a b o u t 2 0 % a n e d r a l t o s u b -
h e d r a l o l i g o c l a s e ( A n 2 Q ) p h e n o c r y s t s a s m u c h a s 3 m i l l i m e t e r s 
i n d i a m e t e r , a n d b i o t i t e g r a i n s t o 3 m i l l i m e t e r s i n m a x i m u m 
d i m e n s i o n , in a m a t r i x o f a n h e d r a l q u a r t z g r a i n s a b o u t o n e 
m i l l i m e t e r in d i a m e t e r ( F i g . 6 ) . T h e t w i n n i n g s t r i a e o f t h e 
o l i g o c l a s e a r e n o t v i s i b l e i n t h e h a n d s p e c i m e n , a n d i t h a s 
t h e s a m e c o l o r a s o r t h o c l a s e . 
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Figure S. Biotite quarts; diorite porphyry in contact with aplite dike. 
Porphyry (right two-thirds- of the picture): quartz, and oligoclase -with faint 
twinning striae appear blue in this photomicrograph; pieochroic brown and 
green biotite i s easily recognized. Aplite (left one-third of the picture): quartz, 
and. taicrocline, with some plagioclase and biotite. X40, crossed, nicols . 
T h e b i o t i t e q u a r t z d i o r i t e p o r p h y r y , in t h e f o r m o f a 
J 
s m a l l i r r e g u l a r s t o c k l e s s t h a n 5 0 0 f e e t i n d i a m e t e r , i s s i m i -
l a r t o t h e q u a r t z d i o r i t e g n e i s s o f t h e B l a c k H a w k m i n i n g 
d i s t r i c t 9 m i l e s n o r t h w e s t ( G i l l e r m a n , 19 5 G ) , e x c e p t t h a t n o 
p r e f e r r e d o r i e n t a t i o n o f m i n e r a l g r a i n s w a s o b s e r v e d . 
S m a l l ( g e n e r a l l y l e s s t h a n o n e f o o t w i d e ) a p l i t e d i k e s 
t r a v e r s e t h e b i o t i t e q u a r t z d i o r i t e p o r p h y r y , a n d m a y b e f o l -
l o w e d f o r m o r e t h a n o n e h u n d r e d f e e t a c r o s s t h e o u t c r o p b e f o r e 
b e i n s j c o v e r e d b y f l o a t . 
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M i n o r I n t r u s i v e R o o k s 
M a n y s m a l l ( g e n e r a l l y l e s s t h a n o n e f o o t w i d e ) g r a n i t i c 
d i k e s i n t r u d e o n l y t h e P r e c a m b r i a n m e t a m o r p h i c m a s s a n d t h e 
i n t r u s i v e r o o k s o f t h e B u r r o M o u n t a i n s b a t h o l i t h . T h e s e a r e 
l a r g e l y g r a n i t i c o r q u a r t z m o n z o n i t i c in c o m p o s i t i o n , a n d 
a r e s i m i l a r t o t h e m a i n m a s s o f t h e B u r r o M o u n t a i n s b a t h o -
l i t h . T h e m a j o r i t y o f t h e s e d i k e s a r e p i n k t o g r a y , f i n e -
g r a i n e d , h y p i d i o m o r p h i e - g r a n u l a r r o o k s , c o n s i s t i n g o f f r o m 
4 0 % t o 7 0% o r t h o c l a s e a n d / o r m i c r o c l i n e , 1 5 % t o 8 0 % a n h e d r a l 
q u a r t z , a n d v a r y i n g a m o u n t s o f p l a g i o c l a s e s . T h e m a j o r 
a c c e s s o r y m i n e r a l i s b i o t i t e ( F i g . 6 ) . T h e t e x t u r e o f t h e 
d i k e s i s l a r g e l y a p l i t i c , b u t p e g m a t l t i c t e x t u r e i s p r e s e n t i n 
s o m e d i k e s . 
C ' r e t a e e o u s S y s t e m 
B e a g t o o t h Q u a r t s l t e 
D i r e c t l y o v e r l y i n g t h e P r e c a m b r i a n i n t r u s i v e a n d m e t a -
m o r p h i c r o c k s i n t h e L i t t l e B u r r o M o u n t a i n s i s t h e B e a r t o o t h 
q u a r t x i t e o f L a t e ( ? ) C r e t a c e o u s a g e ( S p e n c e r a n d P a i g e , 
1 9 3 5 ) . 
T h e B e a r t o o t h q u a r t z i t e i s w e l l e x p o s e d in t h e c e n t r a l 
p a r t o f t h e m o u n t a i n s , w h e r e i t f o r m s t h e r i m r o c k o f t h e 
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Figure 7. The Beartooth quartzite (Cretaceous) overlying the P r e -
cambrian in the vicinity of the Snowflake mine. This is the " r imrock" of the 
mountain range. The camera faces northeast, and about 20° above the hor i -
zontal. 
T h e B e a r t o o t h q u a r t z i t e i s c o m p o s e d o f t w o t o t w e l v e 
f e e t t h i c k b e d s o f f i n e t o m e d i u m - g r a i n e d l i g h t g r a y q u a r t z i t e 
r a n g e ( F i g . 7 ) , and o n t h e w e s t e r n s i d e o f B e d r o c k C a n y o n , 
w h i c h i s a d i p s l o p e f o r m e d b y s t r i p p i n g o f t h e m o r e e a s i l y 
e r o d e d C o l o r a d o s h a l e f r o m t h e s u r f a c e o f t h e B e a r t o o t h 
q u a r t z i t e . A n i s o l a t e d o u t l i e r o f B e a r t o o t h q u a r t z i t e i s in 
t h e S E t o f S e c . 2 1 , T . 18 S . , R . 15 W . , j u s t n o r t h o f R e d -
r o c k C a n y o n ( P l a t e 2 ) . H e r e t h e u n d e r l y i n g g r a n i t e i s h e a v i l y 
a l t e r e d a n d e a s i l y e r o d e d , a n d t h e B e a r t o o t h q u a r t z i t e f o r m s 
t h e s u m m i t o f a s m a l l h i l l . 
1? 
s e p a r a t e d , f a p l a c e s b y b e d s o f s a n d y s h a l e o n e t o t w e l v e 
i n c h e s t h i c k , In m a n y l o c a l i t i e s t h e q u a r t z i t e i s s t a i n e d 
b l a c k . T h e q u a r t z i t e i s v e r y h a r d a n d r e s i s t a n t , a n d g e n -
e r a l l y f o r m s r i d g e s w h e r e e x p o s e d ( F i g . 7 ) . It h a s a s u b -
e o n c h o i d a l f r a c t u r e , a n d w e a t h e r s i n j a g g e d , i r r e g u l a r b l o c k s . 
C r o s s - b e d d i n g i s l o c a l l y d e v e l o p e d ( F i g . 8 ) . 
Figure 8. A weathered Mock of Beartooth quartzite. Note the rough, 
jagged, appearance, and the cross-bedding visible on the weathered surface. The 
block stands about three and. one-half feet high, 
M i c r o s c o p i c s t u d y o f t h e B e a r t o o t h q u a r t z i t e s h o w s i t 
t o b e a m o s a i c o f i n t e r l o c k i n g q u a r t z g r a i n s f r o m 0 . 5 m i l l i -
m e t e r s t o 5 m i l l i m e t e r s i n d i a m e t e r . H o r n b l e n d e i s p r e s e n t 
i n m i n u t e a m o u n t s ( F i g . d). 
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f igure 9. Fine-grained aspect of the Beartooth quartzite. The forma-
tion at this locality is an almost pure mosaic of interlocking quartz grains. X40, 
crossed nicols. 
T h e t h i c k n e s s o f t h e B e a r t o o t h q u a r t z i t e l a t h e L i t t l e 
B u r r o M o u n t a i n s i s 117 f e e t ( A p p e n d i x ) . 
T h e c o n t a c t o f t h e f o r m a t i o n w i t h t h e P r e c a m b r i a n i s 
n o t w e l l e x p o s e d i n t h e a r e a , h u t w h e r e s e e n i t i s a r e g u l a r 
s u r f a c e 9 and n o b a s a l c o n g l o m e r a t e i s d e v e l o p e d in t h e q u a r t z -
i t e . 
T h e a g e o f t h e B e a r t o o t h q u a r t z i t e i s in d o u b t . P a i g e 
( 1 9 1 6 ) c o n s i d e r e d i t t o b e l i t h o i o g i c a l l y s i m i l a r t o t h e D a -
k o t a s a n d s t o n e , a n d t h e r e f o r e t e n t a t i v e l y d a t e d i t a s L a t e 
C r e t a c e o u s . H o w e v e r , n o f o s s i l s h a v e b e e n r e c o v e r e d f r o m 
t h e f o r m a t i o n a n y w h e r e i n t h e S i l v e r C i t y a r e a . 
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C o l o r a d o Shale 
T h e C o l o r a d o s h a l e , a s i d e n t i f i e d in t h e S i l v e r C i t y 
a r e a b y P a i g e ( 1 9 1 8 ) , c r o p s o a t a l o n g t h e l e n g t h o f B e d r o c k 
C a n y o n a n d i n t h e h e a d w a t e r s of C e d a r C a n y o n . 
T h e c o m p o s i t i o n of the C o l o r a d o s h a l e i s v a r i a b l e . 
B r o w n , y e l l o w , a n d g r a y f ine t o m e d i u m - g r a i n e d s a n d s t o n e s 
a l t e r n a t e w i t h g r a y and b l u e - g r a y , b r o w n , b l a c k , a n d l o c a l l y 
s a n d y s h a l e s . S a n d s t o n e a n d s h a l e b e d s r a n g e in t h i c k n e s s 
f r o m a f e w i n c h e s t o s e v e r a l f e e t ( F i g . 1 0 ) . S a n d s t o n e c o m -
p o s e s a p p r o x i m a t e l y 3 0 % to 5 0 % of the f o r m a t i o n . 
P a i g e ( 1 9 1 6 ) s t a t e s that the m a x i m u m t h i c k n e s s o f t h e 
f o r m a t i o n I s a b o u t 2 , 0 0 0 f e e t . In the L i t t l e B u r r o M o u n t a i n s 
t h e m a x i m u m t h i c k n e s s m e a s u r e d w a s 1 5 6 . 6 f e e t ( A p p e n d i x ) . 
T h e l o w e r c o n t a c t i s an even s u r f a c e on t h e B e a r t o o t h q u a r t z -
i t e . B o t h s a n d s t o n e s a n d s h a l e s a r e In c o n t a c t w i t h t h e u n d e r 
l y i n g f o r m a t i o n . 
T h e u p p e r b o u n d a r y o f t h e f o r m a t i o n i n t h e L i t t l © B u r r o 
M o u n t a i n s i s an o l d e r o s i o n s u r f a c e u p o n w h i c h f l o w s o f 
T e r t i a r y a n d e s l t e w e r e e x t r u d e d , T h e s e f l o w s d i s t u r b e d , t h e 
u p p e r s u r f a c e o f t h e s h a l e , s c o u r i n g a n d g o u g i n g i t , a n d l o -
c a l l y b a k i n g i t ( F i g . 1 1 ) . T h e r e f o r e , t h e s e q u e n c e e x p o s e d 
i n t h e m a p p e d a r e a r e p r e s e n t s o n l y t h e l o w e r p o r t i o n o f t h e 
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f o r m a t i o n , and an o v e r l y i n g s e q u e n c e o f u n k n o w n b u t p r o b a b l y 
g r e a t t h i c k n e s s h a s b e e n s t r i p p e d a w a y . 
Figure 10. Western aspect of Bald Mountain. The Colorado shale, 
dipping away from the camera, is exposed in the wash in the foreground. The 
entire Tertiary volcanic sequence is exposed on the side of Bald Mountain. The 
massive ridge one-half way up the slope is feislte agglomerate of-the upper vo l -
canic unit; the small ridge near the summit is the basalt unit. The camera faces 
almost due east. 
A m m o n i t e s w e r e f o u n d i n t h e S | o f S e c . 8 5 , T . 18. 8 . , 
pi 
R . 15 W . , 115 t o 1 1 9 f e e t a b o v e t h e b a s e o f t h e C o l o r a d o 
s h a l e . F i v e f e e t a b o v e t h e a m m o n i t e b e a r i n g ssone a c a l c a r e o u s 
s a n d s t o n e c o n t a i n s p o o r l y p r e s e r v e d G r y p h a e a s p . c f . n e w b e r r y i . 
T h e G r p h y a e a w a s a l s o o b s e r v e d i n t h e M W | o f S e c . 2 7 , : T . . 18 S , , 
2 1 
Figure 11. Colorado shale lower volcanic unit contact in the headwaters 
of Redrock Canyon. The overlying flow of the lower volcanic unit has gouged and 
scoured the upper surface of the Colorado shale. The shale has been slightly baked 
near the contact. Note the typically bleached, light brown color of the andesite, 
which is black when fresh. The strata are dipping away from and to the right of 
the camera, which faces east. 
R . 15 W . , but none w e r e found b e l o w it at t h i s l o c a l i t y . F o s -
s i l s r e c o v e r e d f r o m the a m m o n i t e b e a r i n g bed a r e ; 
Ka.ttabioerag.. a . sp aff . a e p t i m s e r i a t i m ( C r o s i e r ) 
P a e u d a s p i d o e e r a s s p . of . f o o t e a n u m ( S t o l i c z k a ) 
R o m a n i o e r a s ( ? ) s p . 
K a n a b i c e r a s ( ? ) sg. 
M e b i o c e r a s s p . 
C a l y e o o e r a s ( ? ) j y > . 
3E.no e e ran* us sp.. of. p r e f r a g i l l s 
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T h i s a s s e m b l a g e i n d i c a t e s a s t r a t i g r a p h i c p o s i t i o n 
j u s t above the Y a s c o p e r a s fauna o f the G r e e n h o r n l i m e s t o n e 
of C o l o r a d o and K a n s a s , in the l o w e r T u r o n i a a ( K e i t h Y o u n g , 
w r i t t e n c o m m u n i c a t i o n , 1 9 5 9 ) . T h e G r y p h a e a z o n e i s a p p a r -
ent ly w i d e s p r e a d , a s it i s r e p o r t e d by P a i g e ( 1 9 1 8 ) in the 
S i l v e r C i t y Range n o r t h w e s t o f S i l v e r C i t y , and by S p e n c e r and 
P a i g e ( 1 9 3 5 ) Itt t h e Santa R i t a M i n i n g d i s t r i c t . 
T e r t i a r y 
T e r t i a r y r o c k s of the L i t t l e B u r r o M o u n t a i n s i n c l u d e 
lava f l o w s and p y r o c l a s t i c s of a wide v a r i e t y of c o m p o s i t i o n s , 
and s e v e r a l i n t r u s i v e foodies. T h e f l o w s a n d p y r o c l a s t i c a 
have been d i v i d e d , f o r the p u r p o s e of t h i s p a p e r , into f o u r 
u n i t s : ( 1 ) a l o w e r v o l c a n i c unit o f a n d e s i t e f l o w s ; ( 2 ) a m i d d l e 
v o l c a n i c unit of r h y o l i t e , l a t i t e , and q u a r t z l a t i t e t u f f s ; 
( 3 ) an upper v o l c a n i c u n i t of f e l s i t e a g g l o m e r a t e at the b a s e , 
with o v e r l y i n g tuf f s r e s e m b l i n g t h o s e o f t h e m i d d l e v o l c a n i c 
u n i t ; ( 4 ) a b a s a l t unit of f l o w s of v e s i c u l a r o l i v i n e b a s a l t 
p o r p h y r y . 
W a r g o ( l i 5 t ) h a s d i v i d e d the v o l c a n i c r o c k s of s o u t h -
w e s t e r n New M e x i c o and s o u t h e a s t e r n A r i z o n a into f i v e m a j o r 
uni ts ( F i g . 1 2 ) . It i s d i f f i c u l t to d e t e r m i n e how c l o s e l y the 
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Unit Mala Bock Types Distribution Probable Age 
3 
Basalt flows 
Andeslte, basalt and 
rbyolite with some 
interbedded sediments 
Rhyolite, quartz latite 
with minor interbedded 




Northern part of 
area. Probably most 
important group of 
33rd oarallel 
Widespread. Found 
in almost every 





raneous with many 
of the Gila gravels 





Andeslte, basalt, and 





Best exposed in 
central and northern 
part of area 
Early Tertiary, 




phase in the area 
Tertiary-Cretaceous 
Some units in north-
ern part are upper 
Cret. others in Cen-
tral part are lower 
K. older than intru-
sive phase 
Figure 12. Summary of Volcanic Stratigraphy of Southwestern New 
Mexico and Southeastern Arizona. Joseph G. Wargn, 1959. 
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a b o v e c l a s s i f i c a t i o n c o r r e l a t e s w i t h W a r g o ' s , b u t c e r t a i n 
g e n e r a l c o m p a r i s o n s m a y b e m a d e . On t h e b a s i s o f s i m i l a r i t y 
o f c o m p o s i t i o n a n d s t r a t i g r a p h i o p o s i t i o n , i t i s s u g g e s t e d t h a t 
t h e l o w e r v o l c a n i c u n i t p r o b a b l y c o r r e l a t e s w i t h W a r g o ' s 
U n i t D , w h i c h h e . d e s c r i b e s a s " w i d e - s p r e a d b u t e r r a t i c . " 
T h e m i d d l e a n d u p p e r v o l c a n i c u n i t s b y t h e i r s i m i l a r i t y o f 
c o m p o s i t i o n a n d i n c l u s i o n s o f s e d i m e n t a r y s t r a t a , p r o b a b l y 
c o r r e l a t e i n p a r t w i t h U n i t s C a n d 8 . W a r g o n o t e s t h e p r e s e n c e 
o f b a s a l t s a n d a n d e s i t e s i n U n i t C , b u t n o n e w e r e f o u n d i n 
t h e m i d d l e v o l c a n i c u n i t i n t h e L i t t l e B u r r o M o u n t a i n s . T h e 
w r i t e r p l a c e s t h e b a s e of t h e u p p e r v o l c a n i c u n i t a t t h e b o t t o m 
o f t h e f e i a i t e a g g l o m e r a t e f l o w , b e c a u s e t h i s f l o w i s a d i s -
t i n c t , e a s i l y r e c o g n i z e d m a r k e r b e d i n m o s t p a r t s o f t h e a r e a . 
I t i s i m p o s s i b l e to d e t e r m i n e if t h i s b o u n d a r y c o r r e s p o n d s to 
t h e b o u n d a r y b e t w e e n U n i t s C a n d B . U n i t A ( b a s a l t f l o w s ) 
s e e m s t o b e r e p r e s e n t e d i n t h e L i t t l e B u r r o M o u n t a i n s b y t h e 
b a s a l t u n i t . 
T h e w r i t e r h a s t r i e d t o c o n f o r m w i t h e s t a b l i s h e d l o c a l 
u s a g e of r o c k n a m e s w h e r e p o s s i b l e . T h e r e f o r e , m a n y of t h e 
r o c k n a m e s u s e d In t h i s s e c t i o n o n T e r t i a r y s t r a t i g r a p h y m a y 
a p p e a r i n c o n g r u o u s w i t h t h e s p e c i f i c m i n e r a l c o m p o s i t i o n . 
A l s o , m o s t o f t h e p a g i o c l a s e d e t e r m i n a t i o n s w e r e m a d e b y 
s t a t i s t i c a l m e t h o d s , a n d , p a r t i c u l a r l y i n t h e p y r o e l a s t i o 
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r o c k s , m a y n o t r e p r e s e n t t h e t r u e c o m p o s i t i o n o f m o s t o f 
t h e p l a g i o c l a s e s , 
L o w e r V o l c a n i c U n i t 
U a c o n f o r m a b l y o v e r l y i n g t h e C o l o r a d o s h a l e , and i n 
p l a c e s g o u g i n g , s c o u r i n g a n d b a k i n g i t s u p p e r s u r l a s © ( F i g . 
1 1 ) , i s a s e r i e s o f a n d e s i t e a n d a n d e s i t e p o r p h y r y f l o w s . 
C o m m o n l y , t h e a n d e s i t e i s a d e n s e , b i n o k r o c k , e a s i l y m i s -
t a k e n i n t h e f i e l d f o r b a s a l t . T h r o u g h o u t m o s t o f t h e a r e a , 
h o w e v e r , i t h a s b e e n s o h e a v i l y a l t e r e d a s t o b e n e a r l y u a r e o > 
o g a i z a b l e . W h e r e a l t e r e d , t h e a n d e s i t e i s a s o f t , e a s i l y 
w e a t h e r e d , b r a w n r o c k e x h i b i t n g a n e x f o l i a t i o n w h i c h l e n d s 
i t t h e a p p e a r a n c e o f s h a l e . S o u t h o f I n d i a n P e a k t h e a n d e s i t e 
i s l i g h t e r i n c o l o r t h a n i n t h e n o r t h e r n p a r t o f i t s o u t c r o p , 
a n d m o r e o b v i o u s l y p o r p h y r i t i c ( P i g . 1 3 ) . S m a l l ( l e s s t h a n 
o n e m i l l i m e t e r i n d i a m e t e r ) v e s i c l e s a r e l o e a i t y p r e s e n t i n 
t h e a n d e s i t e , a n d t h e s l i g h t c o m p o s i t i o n a l d i f f e r e n c e b e t w e e n , 
f l o w s h a s b e e n m a d e v i s i b l e b y w e a t h e r i n g o n o u t c r o p s i n t h e 
a r e a s o u t h o f I n d i a n P e a k . No b a k i n g o f t h e l o w e r p a r t o f t h e 
m i d d l e v o l c a n i c u n i t o c c u r s at t h e c o n t a c t w i t h t h e l o w e r v o l -
c a n i c u n i t . 
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Figure 13. Andeslte porphyry of the lower volcanic unit from the 
area south of Indian Peak. Large (2-plus millimeters) phenoorysts of euhedral 
oligoclase (An35) in a matrix which is largely glass. X40, crossed nicols. 
The t h i c k n e s s of the l o w e r v o l c a n i c unit i s h i g h l y 
v a r i a b l e . T h e m o r e than 7 0 0 f e e t d i f f e r e n c e i n t h i c k n e s s 
b e t w e e n the two s i d e s of the C e d a r Canyon faul t i s one of 
the m o s t m a r k e d v a r i a t i o n s ( P l a t e 2 ) . N e a r the c e n t e r of 
the a r e a , i n B e d r o c k C a n y o n , the unit i s a b s e n t , and the m i d -
dle v o l c a n i c unit r e s t s d i r e c t l y on the C o l o r a d o s h a l e . B u t , 
to the s o u t h , in the v i c i n i t y of N i g g e r C a n y o n , the l o w e r v o l -
c a n i c unit e x c e e d s 1 , 2 0 0 f e e t in t h i c k n e s s . 
A r e p r e s e n t a t i v e s p e c i m e n of the a n d e s l t e of the l o w e r 
v o l c a n i c unit i s c o m p o s e d of f r o m 6 0 % to 7 5% o l i g o c l a s e ( A n 2 5 ) 
a s p h e n o o r y s t s and m i c r o l i t e s , and v a r i a b l e a m o u n t s of g l a s s y 
m a t e r i a l . S m a l l a m o u n t s of f i n e - g r a i n e d ( 0 . 1 m i l l i m e t e r and 
l e s s In d i a m e t e r ) m a g n e t i t e a r e p r e s e n t in a l l s p e c i m e n s . 
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Figure 14. Andeslte of the lower volcanic unit, from the area between 
Cedar and Nigger Canyons. Euhedral to subhedral ohenourysts of altgoalase 
(Ab^gAUgg) In a matrix of plagloclase microlites and sparse pennlnlte. The o l i -
goclase is undergoing alteration to a clay-like mineral. X40, crossed nlcols . 
T h e a g e o f t h e l o w e r v o l c a n i c u n i t i s n o t k n o w n . I t 
i s p r o b a b l y L a t e C r e t a c e o u s o r E a r l y T e r t i a r y , a n d c o r r e -
l a t e s w i t h U n i t D o f W a r g o ( F i g . 1 2 ) . 
A b o v e t h e a n d e s l t e f l o w s o f t h e I b w e r v o l c a n i c u n i t i s 
a s e q u e n c e o f d i s t i n c t i v e l i g h t c o l o r e d t u f f a c e o u s r o c k s w h i c h 
h a s b e e n d e s i g n a t e d t h e m i d d l e v o l c a n i c u n i t . I t I s c o m p o s e d , 
o f w e l l - b e d d e d r h y o l i t e , l a t i t e , and q u a r t z l a t i t e t u f f s , m a n y 
o f w h i c h w e r e d e p o s i t e d u n d e r s u b a q u e o u s c o n d i t i o n s , a s s h o w n 
b y t h e r o u n d e d , d e t r i t a l f r a g m e n t s t h e y c o n t a i n . W h e r e e x p o s e d 
M i d d l e V o l o a n i o U n i t 
S o m e o f t h e s p e c i m e n s e x a m i n e d c o n t a i n up t o 1 5 % p e n n l n l t e 
( F i g . 1 4 ) . M u c h o f t h e o l i g o c l a s e s h o w s c l o u d y a l t e r a t i o n . 
as 
in the ma©f*sd a r e a t b s m i d d l e v o l c a n i c « a U i s l l t t H t e r i s e d 
by i t s w e l l - b e a d e d a s n s s t and w h i t * and pink s o l o r . It i s 
s i m i l a r in many r e s p e c t s to part of the over ly ing ; a p p e r v o l -
c a n i c u n i t , and t b e two u n i t s may be c e n t n s e d im the f i e l d if 
m a r k e r b e d s a r e not f a l l o w e d . 
T b s f a f f s of t b e m i d d l e v o l c a n i c n a i l a r e m o s t l y g l a s s , 
bet b a v e b e e s f i v e s s p e c i f i c r o c k nac es a s t b e b a s i s of c o n -
t a i n e d c r y s t a l f r a g m e n t s * £ s n i d l n e * p t a g i o c l a s e s , * t » * r t « , wad 
m i n o r am aunts of b i o t i t e ar«s t b e i m p o r t a n t c o n s t i t u e n t s of t b e 
c r y s t a l f r a c t i o n . Many s p e c i m e n s e x h i b i t o toady a l t e r a t i o n , 
tbe f e l d s p a r s b e i n g tbe f i r s t a a i a e r a l s to be a l t e r e d . S o m e 
s t r a t a c o n t a i n rounded g r a i n s of q u a r t z and m l c r o o r y s t A l l i n - 3 , 
g r a y fat s i t s , i n d i c a t i n g tbet tt iese s t r a t a a r e at l e a s t in p a r t 
s e d i m e n t a r y in o r i g i n * 
% be m i d d l e v o l c a n i c s a l t i s w i d e l y d i s t r i b u t e d in t b e 
L i t t l e B u r r o M o u n t a i n s , and i s b e t w e e n SiO and 4 3 0 foot t b t s h 
within t b e a r e a . A p p a r e n t l y , l b s unit i s not r e s t r i c t e d to l i s 
L i t t l e i i u r r e v 'osntains , as r o c k s c o n f e r icing to i t s i s s s r l p f t t n i 
a r e r e p o r t e d by l>si ../a ( I t U S ) In t b e s i d e o a e y o a s of I M tflmbrss 
E l v e r , about SO m i l e s n o r t h e a s t of the L i t t l e B n r r o f o u n t a i n s , 
and at s e v e r a l o t h e r I n o a U t i s s . 
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T h e m i d d l e v o l o a a i c unit p r o b a b l y c o r r e l a t e s with a l l 
or p a r t of Unit C of W a r g o ( F i g . 1 2 ) , and Is M i d d l e or Late 
T e r t i a r y In a g e . 
Upper V o l c a n i c Unit 
The upper v o l c a n i c unit a l s o c o n s i s t s of a s e q u e n c e of 
t u f f s a n d a g g l o m e r a t e s . It o v e r l i e s the m i d d l e v o l c a n i c u n i t , 
a n d i s s i m i l a r to i t i n g e n e r a l a s p e c t , but d i f f e r s in c o n t a i n -
ing m o s t l y l a t i t e s a n d q u a r t z l a t i t e s , with few r h y o l i t e s . The 
c o l o r of the w e a t h e r e d s u r f a c e o f the upper v o l c a n i c unit i s 
s i m i l a r to that of the m i d d l e v o l c a n i c u n i t , and the u n i t s a r e 
e q u a l l y w e l l - b e d d e d . 
The b a s e of the upper v o l c a n i c unit i s m a r k e d by a d i s -
t i n c t i v e , 40 f e e t t h i c k f l o w of f e l s i t e a g g l o m e r a t e , which i s 
an e x c e l l e n t m a r k e r bed b e c a u s e of i t s dark c o l o r , r e s i s t a n c e 
to w e a t h e r i n g , and c o a r s e l y a g g i o m e r a t i c t e x t u r e . It c o n t a i n s 
about 8 0 % s u b - a n g u l a r to round f r a g m e n t s of d e n s e , m e d i u m 
g r a y f e l s i t i c r o c k r a n g i n g f r o m a few m i l l i m e t e r s to 10 c e n t i -
m e t e r s in d i a m e t e r ( F i g . 1 5 ) . The m a t r i x I s v e s i c u l a r , and 
c o n s i s t s of g l a s s , s o m e q u a r t z and b i o t i t e g r a i n s , and e x t e n -
s i v e red i r o n o x i d e s t a i n . T h e v e s i c l e s a r e 7 m i l l i m e t e r s to 
10 m i l l i m e t e r s i n a v e r a g e d i a m e t e r , and o c c u p y about 1 5 % of 
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Figure 15. Feleite agglomerate. Tbe large, mottled, blue-gray mass 
in the lower portion of the photomicrograph is a fragment of felsite; others occur 
in the upper portion of tbe picture. Tbe large black areas are vesicles. X40, 
crossed nicola. 
the r o c k . The f e l s i t e a g g l o m e r a t e i s m o r e r e s i s t a n t to w e a -
t h e r i n g than the s u r r o u n d i n g t u f f s , and t e n d s to f o r m p r o m -
inent r i d g e s or c l i f f s w h e r e it c r o p s out ( F i g s . 10 and 1 6 ) . 
A b o v e the f e l s i t e a g g l o m e r a t e the upper v o l c a n i c unit 
i s a r e l a t i v e l y u n i f o r m s u c c e s s i o n of white and p i n k , w e l l -
bedded t u f f s , c o n t a i n i n g s o m e beda c o m p o s e d of r o u n d e d f e l -
s i t e f r a g m e n t s of p r o b a b l y d e t r i t a l o r i g i n . A r e p r e s e n t a t i v e 
hand s p e c i m e n of a pink bed in t h i s s e q u e n c e i s a p i n k , m e d -
i u m - g r a i n e d d a c i t e tuff , c o n t a i n i n g w h i t e , a l t e r e d f e l d s p a r 
g r a i n s , and g r a y rounded q u a r t * g r a i n s in a v e r y f i n e - g r a i n e d 
pink m a t r i x . M i c r o s c o p i c s tudy s h o w s it to be about 5 0 % g l a s s 
1 0 % a n d e s i n e ( A n 4 g ) , and q u a r t z and s a n i d i n e in a m o u n t s s o m e -
what g r e a t e r than 5 % . B i o t i t e i s the m a j o r a c c e s s o r y m i n e r a l 
( F i g . 1 7 ) . 
8 1 
Figure 16. Bald Mountain from the south, near the Contact mine. 
The distinctive ridge two-thirds of the way up the slope is formed by the felaite 
agglomerate at the base of the upper volcanic unit. The upper reaches of Bedrock 
Canyon are In the middle distance to the left. The mountains in the distance are 
part of the Silver City Bangs. The camera faces slightly east of north. 
Figure I f . Daoite tuff of the upper volcanic unit. The rock consists 
of about 50% glass (dark), about 10% quartz a id sanldine (both c lear) , and 10% 
andesine ( A n . 5 ) , which shows twinning striae. Several grains of biotite may 
also be seen in this photograph. X40, crossed nicols . 
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A hand s p e c i m e n of a white bed in t h i s s e q u e n c e i s v e r y 
s i m i l a r to the pink d a o i t e , e x c e p t that the m a t r i x i s white 
and c h a l k y . 
A d a c i t e c r y s t a l tuff n e a r the upper c o n t a c t of the upper 
v o l c a n i c i s p r e s e n t in the s t r e a m v a l l e y south of Indian P e a k . 
T h i s r o c k i s a l s o p r e s e n t in the n o r t h e r n p a r t of the mapped 
a r e a . In o u t c r o p t h i s r o e k i s a dark p i n k , and t e n d s to f o r m 
r i d g e s , p r o b a b l y due to i t s r e s i s t a n c e to w e a t h e r i n g . In hand 
s p e c i m e n the d a o i t e c r y s t a l tuff i s a p i n k , d e n s e r o c k with 
many a n g u l a r f e l d s p a r g r a i n s v i s i b l e on the s u r f a c e . M i c r o -
s c o p i c s tudy s h o w s i t to c o n s i s t of about 4 0 % g l a s s , with 
s h a r p l y a n g u l a r g r a i n s of a n d e s i n e ( A n . . ) and q u a r t z , which 
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r e s p e c t i v e l y o c c u p y 3 8 % and 1 5 % of the r o c k . A p p r o x i m a t e l y 
8%of the r o e k i s s a n i d i n e , and m i n o r a m o u n t s of m a g n e t i t e and 
b i o t i t e a r e p r e s e n t ( F i g . 1 8 ) . 
The g r e a t e s t t h i c k n e s s of the upper v o l c a n i c unit m e a -
s u r e d was 9 4 8 f e e t ( A p p e n d i x ) . The unit s e e m s to m a i n t a i n a 
n e a r l y u n i f o r m t h i c k n e s s t h r o u g h o u t the mapped a r e a . 
It i s p r o b a b l e t h a t the upper v o l c a n i c unit i s L a t e T e r -
t i a r y in a g e , and c o r r e s p o n d s to Unit £ of W a r g o . 
Figure 18, Dacite crystal tuff from the upper volcanic unit. Large 
(3 millimeters to 5 millimeters) grains of andesine (A^q) and quarto, with lesser 
amounts of sanidine and biotite in a matrix of devitrifying glass. Some of the 
andesine grains are euhedral in shape, while others are shardlike and fragmenM. 
Note the feathery devitrification of the glass. X40, crossed alerts. 
U j j O J U n i l 
A d i s t i n c t i v e o l i v i n e b a s a l t p o r p h y r y l i e s a b o v e the 
tuf fs and a g g l o m e r a t e s of the u p p e r v o l c a n i c u n i t . T h i s r o c k 
i s not w i d e l y e x p o s e d in the mapped a r e a , and i s c o n c e a l e d by 
P l e i s t o c e n e and R e c e n t g r a v e l s and s a n d s in many p l a c e s . 
W h e r e it c r o p s out it i s r e s i s t a n t to w e a t h e r i n g , f o r m i n g the 
s u m m i t s of Bald Mountain and a s i m i l a r h i l l 9 , 0 0 0 f e e t s o u t h -
e a s t of B a l d M o u n t a i n . The b a s e of the unit i s not w e l l e x -
p o s e d , but it s e e m s to be a r e l a t i v e l y s m o o t h s u r f a c e on the 
top of the upper v o l c a n i c u n i t . 
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T h e b a s a l t i s a h a r d , b l a c k , v e s i c u l a r r o o k w i t h 
s p a r s e p h e n o c r y s t s o f o l i v i n e . I t w e a t h e r s d a r k b r o w n a n d 
g r a y , a n d d i s i n t e g r a t e s i n t o r o u g h , a n g u l a r b l o c k s o n w e a -
t h e r i n g . T h e r o c k i s c o m p o s e d o f 7 0 % 0 . 4 m i l l i m e t e r i n 
d i a m e t e r b y t o w n i t e ( A n Q _ ) g r a i n s and m i c r o l i t e s , m i n o r 
o a 
a m o u n t s o f g l a s s , and 1 0 % t o 1 5 % s u b h e d r a l o l i v i n e p h e n o -
c r y s t s . V e s i c l e s c o n s t i t u t e 5% t o 1 5 % o f t h e r o c k , and a r e 
f r o m o n e t o t w o m i l l i m e t e r s i n m a x i m u m d i m e n s i o n . T h e 
t e x t u r e i s h y a l o p h i t i c - p o r p h y r i t i c . T h e o l i v i n e p h e i r ) o c r y a t s 
a r e f r o m 0 . 5 t o 1 . 5 m i l l i m e t e r s in d i a m e t e r , and a r e p a r t i -
a l l y a l t e r e d t o b r o w n , s l i g h t l y p l e o o h r o i c i d d i n g s i t e . S o m e 
o f t h e s m a l l e r o l i v i n e g r a i n s a r e e n t i r e l y i d d i n g s i t e ( F i g s . 
19 a n d 2 0 ) . 
T h e t h i c k n e s s o f t b e b a s a l t u n i t i s u n k o w n , a s n o w h e r e 
w a s t h e t o p o f t h e u n i t e x p o s e d . T h e g r e a t e s t t h i c k n e s s m e a -
s u r e d w a s 1 6 0 f e e t ( A p p e n d i x ) . P r o b a b l y t h e b a s a l t u n i t 
c o r r e s p o n d s t o p a r t o f U n i t B o f W a r g o . H o w e v e r , i t i s p o s -
s i b l e t h a t i t i s Q u a t e r n a r y i n a g e , a n d c o r r e s p o n d s t o p a r t o f 
U n i t A ( F i g . 1 2 ) . 
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Figure 19. Olivine basalt porphyry of the basalt unit. About 70% of 
the roek Is a felted mass of bytownlte laths. Phenoorysts of olivine 0.5 mi l l i -
meters to 1.5 millimeters In diameter are altering along cracks and grain 
boundaries to brown, pleochroic iddingsite. X40, crossed nicols. 
Figure 20. Olivine basalt porphyry from the basalt unit. Similar in 
constitution to the specimen shown in Fig. 19, but more vesicular. The three 
black areas near the right margin of the photomicrograph are vesicles. X4G, 
crossed nicols . 
L a t e , C r e t a c e o u s a n d T e r t i a r y I n t r u s i v e R o o k s 
S e v e r a l d i k e s a n d i r r e g u l a r b o d i e s i n t r u d e t h e l o w e r 
v o l c a n i c u n i t and a l l o l d e r f o r m a t i o n s . T h r e e o f t h e l a r g e s t 
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o f t h e s e h a v e b e e n m a p p e d a n d i n v e s t i g a t e d in d e t a i l ; 
1 . In t h e N-| o f S e c , 2 7 , T . 18 S. , H . IB W . , i s a 
s m a l l a l t e r e d s i l l c o m p o s e d o f s o f t , g r e e n and g r a y p l a t e y 
m i n e r a l s , and h a v i n g a d i s t i n c t i v e g r e e n c o l o r a t i o n o n t h e 
o u t c r o p . T h i s s i l l i n t r u d e s t h e C o l o r a d o s h a l e , w h i c h i s b a k -
e d a d j a c e n t t o b o t h t h e u p p e r a n d l o w e r m a r g i n s o f t h e s i l l . 
T h e o r i g i n a l , c h a r a c t e r o f t h e s i l l i s d i f f i c u l t t o d e t e r m i n e 
b e c a u s e i t s c o n s t i t u e n t m i n e r a l s h a v e b e e n e x t e n s i v e l y a l t e r -
e d t o a s o f t , e a s i l y e r o d e d m a s s o f c h l o r i t e a n d c l a y m i n e r a l s , 
b a t i t p r o b a b l y w a s o r i g i n a l l y h o r n b l e n d e d i o r i t e . T h e c h l o -
r i t e , p r o b a b l y an a l t e r a t i o n p r o d u c t o f h o r n b l e n d e a n d b i o t i t e , 
a c c o u n t s f o r t h e d i s t i n c t i v e g r e e n c o l o r o f t h e r o c k . M a s s e s 
o f c l o u d y a l t e r a t i o n p r o d u c t w h i c h s e e m t o e x h i b i t f a i n t , r e -
l i c t t w i n n i n g s t r i a e m a y r e p r e s e n t p l a g i o c l a s e . E l o n g a t e 
m a s s e s o f c h l o r i t e , p r i ' s m a t i c i n o u t l i n e , s u g g e s t t h e p r i o r 
e x i s t e n c e o f e u h e d r a l c r y s t a l s o f h o r n b l e n d e . S e v e r a l o n e t o 
t w o m i l l i m e t e r v e i n l e t s o f c a l e i t e c r i s s - c r o s s t h e s i l l . 
( F i g . 2 1 ) . 
2 . A p o s s i b l y r h y o l l t i o m a s s , i r r e g u l a r i n s h a p e , - i n -
t r u d e s t h e C o l o r a d o s h a l e a n d t h e l o w e r v o l c a n i c u n i t i n t h e 
h e a d w a t e r s o f B e d r o c k C a n y o n w e s t o f t h e b a s e o f B a l d M o u n -
t a i n , i n t h e s o u t h e r n p a r t o f t h e o u t c r o p , t h i s r o c k i s a c h a l k y 
a p p e a r i n g , v e r y f i n e - g r a i n e d m a t e r i a l , p r o b a b l y r h y o l i t e , w h i c h 
Figure 21. Hornblende diorite (?) sill intruding the Colorado shale in 
Red Hock Canyon. Note the distinctive green coloring of the outcrop. The strata 
dip to the right. The camera faces west of north. 
c o n t a i n s many f r a g m e n t s of baked C o l o r a d o s h a l e and B e a r -
t o o t h q u a r t z i t e . T&eae i r a g m e n t s r a n g e in s ize f r o m a few 
m i l l i m e t e r s to 15 i n c h e s o r m o r e in d i a m e t e r . N o r t h w e s t o f 
the faul t which p a s s e s t h r o u g h the m a s s , the r o c k i s c o m p o s e d 
l a r g e l y of m a s s i v e f r a g m e n t s o f the B e a r t o o t h q u a r t z i t e s e t 
i n a m a t r i x which i s m o s t l y g l a s s , but which c o n t a i n s g r a i n s 
of q u a r t z as much as 10 m i l l i m e t e r s in d i a m e t e r , s o m e b i o -
t i t e , and a s m u c h a s 2 0 % c a l c i t e . The c a l c i t e o c c u r s in s m a l l 
( 0 . 2 t o 0 . 5 m i l l i m e t e r in d i a m e t e r ) g r a i n s , which m a y r e p r e -
s e n t r e c r y s t a l l i z e d f r a g m e n t s d e r i v e d f r o m the c a l c a r e o u s 
s t r a t a o f the u n d e r l y i n g C o l o r a d o s h a l e d u r i n g i n t r u s i o n . In 
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p l a e e s t h i s r o c k c o n s i s t s a l m o s t e n t i r e t y of q u a r t z i t e f r a g -
m e n t s , w i t h v e r y l i t t l e c e m e n t i n g m a t r i x . 
3 . In t h e s o u t h e r n p o r t i o n o f t h e m a p p e d a r e a a l a r g e 
s t o c k o f q u a r t z m o n z o n i t e p o r p h y r y ( P l a t e 2 ) , t h e L i t t l e 
B u r r o M o u n t a i n s s t o c k , c r o p s o u t b o t h i n t h e m a p p e d a r e a a n d 
s o u t h o f N e w M e x i c o H i g h w a y 1 8 0 , T h i s s t o c k i s w e l l e x p o s e d 
i n t h e r o a d c u t o f t h e h i g h w a y ( F i g , 2 2 ) . T h e q u a r t z m o n z o n i t e 
Figure 22. Exposure of the quartz monzonite porphyry of the Little Burro 
stock in the road cut of New Mexico Highway 180 near the continental divide at the 
southern boundary of the' area. The camera faces north. 
p o r p h y r y i s a l i g h t g r a y r o c k , m a s s i v e , a n d e a s i l y w e a t h e r e d . 
U n d e r t h e m i c r o s c o p e i't i s s e e n t o h a v e a f i n e - g r a i n e d m a t r i x 
o f a n h e d r a l q u a r t z a n d o r t h o c l a s e , c o n t a i n i n g a b o u t 4 5 % s u b -
h e d r a l z o n e d p h e n o o r y s t s o f o l i g o c l a s e ( A n 1 ( } t o A n s o ) a e l a r g e 
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a s 2 , 8 m i l l i m e t e r s la d i a m e t e r . L e s s e r a m o u n t s of a n h e d r a l 
q u a r t s and o r t b o c l a s e p h e n o c r y s t s about 2 m i l l i m e t e r s in 
d i a m e t e r , and s m a l l a m o u n t s of b i o t i t e and t r a c e s of m a g n e -
t i t e a r e p r e s e n t . In s o m e of the s p e c i m e n s e x a m i n e d the 
m a t r i x I s m a c r o c r y s t a l l i n e , s u g g e s t i n g that t h e s e s p e c i m e n s 
w e r e taken f r o m l o c a l i t i t e n e a r the m a r g i n of the s t o c k ( F i g . 
2 8 ) . 
Figure 23. Quartz monzonite porphyry of the Little Burro Mountains stock. 
Subhedral phenocrysts of striated and zoned oligoclase <An 1 0 to Aa$0) as large as 
2. § millimeters in o^metsr, with somewhat smaller phenocrysts of clear, anhedral 
quartz and orthoclase in a matrix of mieroerystelliae material. Many small grains 
of brown biotite are also present. The fine-graiaed matrix of this specimen sug-
gests that, it is from a locality near the margin of the stock. X40, crossed nicois. 
T h e L i t t l e B u r r o M o u n t a i n s s t o c k i s c o n s i d e r e d to be 
L a t e C r e t a c e o u s or E a r l y T e r t i a r y In a g e on the b a s i s of i t s 
c o m p o s i t i o n a l s i m i l a r i t y to o t h e r i n t r u s i v e b o d i e s in the S i l v e r 
C i t y a r e a ( P a i g e , 1 9 1 6 ; G i l l e r m a n , 1 3 5 6 , F i g . 1 2 ) . No c o n -
t a c t s with s u r r o u n d i n g r o c k s w e r e o b s e r v e d in the L i t t l e B u r r o 
M o u n t a i n s , 
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P l e i s t o c e n e and R e c e n t 
U n c o n s o l i d a t e d , s l i g h t l y c e m e n t e d , and e a s i l y e r o d e d 
s a n d s and g r a v e l s r e s t on units as low in the s e q u e n c e as 
the l o w e r v o l c a n i c u n i t , and a r e in faul t c o n t a c t with the P r e -
c a m b r i a n r o c k s ( F i g . 2 4 ) . T h e y form a b l a n k e t e n t i r e l y 
s u r r o u n d i n g the m o u n t a i n s , and through which the o l d e r r o c k s 
p r o j e c t . 
Figure 24. The contact of the Precambrian granite with the horRontally 
bedded Pleistocene and Recent gravels, sands, and semiconsolidated conglomerates 
at the Mangas fault, near the mouth of Redrock Canyon. The fault dips 63° SW at 
this locality. The camera faces southeast. 
The s a n d s and g r a v e l s a r e d i s t i n c t l y bedded where e r o d e d 
in c u t b a n k s or e x p o s e d in r o a d c u t s ( F i g . 2 ) . W e s t and s o u t h -
w e s t of the M a n g a s faul t the bedding is h o r i z o n t a l ; n o r t h and 
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e a s t of the faul t the s a n d s and g r a v e l s dip c o n c o r d a n t l y with 
the o l d e r s t r a t a . The s a n d s and g r a v e l s c o n s i s t of f r a g m e n t s , 
r a n g i n g in s i z e f r o m v e r y f ine g r a i n s to l a r g e b o u l d e r , of 
P r e c a m b r i a n g r a n i t e and m e t a m o r p h i c r o c k s , C r e t a c e o u s s e d i -
m e n t s , and T e r t i a r y f low and p y r o c l a s t i c r o c k a . 
The e x a c t age of the u n c o n s o l i d a t e d m a t e r i a l s i s d i f f i -
cul t to d e t e r m i n e , but they a r e p r o b a b l y y o u n g e r than the 
G i l a c o n g l o m e r a t e ( P l i o c e n e - P l e i s t o c e n e ) of s u r r o u n d i n g a r e a s 
( Q i l l e r m a n , 1 9 5 0 ) . 
S T R U C T U R A L G E O L O G Y 
Two m a j o r p a t t e r n s of n o r m a l f a u l t i n g a r e r e c o g n i z e d in 
the L i t t l e B u r r o M o u n t a i n s ( P l a t e 2 ) ; one t r e n d i n g n o r t h w e s t , 
the o t h e r t r e n d i n g g e n e r a l l y n o r t h e a s t . 
T h e n o r t h w e s t t r e n d i n g f a u l t p a t t e r n i s r e p r e s e n t e d by 
the M a n g a s f a u l t , the m o s t p r o m i n e n t s t r u c t u r a l f e a t u r e of 
the a r e a and the b o u n d a r y faul t of the L i t t l e B u r r o M o u n t a i n s 
e a s t - t i l t e d faul t b l o c k . The Mangas f a u l t t r e n d s about N 3 0 ° W , 
and d ips 8 0 ° SW ( P l a t e 2 ) . In the s o u t h e r n p a r t of the mapped 
a r e a the t r e n d i s N 4 0 ° W , b u t , t o w a r d the n o r t h w e s t , the 
t r e n d s w i n g s m o r e n o r t h e r l y , and i s about N 2 0 ° W n e a r the 
n o r t h e r n boundary of the mapped a r e a . 
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T h e M a n g a s faul t i s not a s i n g l e f r a c t u r e , but a s e r i e s 
of s u b p a r a l l e l f r a c t u r e s along which m o v e m e n t has taken 
p l a c e . The faul t i s e a s i l y d i s t i n g u i s h e d on an a e r i a l p h o t o -
graph b e c a u s e of the d i f f e r e n c e s of c o l o r of the r o c k s on the 
two s i d e s of the f a u l t . It i s , h o w e v e r , d i f f i c u l t to l o c a t e on 
the ground e x c e p t in the g r o s s a s p e c t of i t s s c a r p . The 
faul t zone can be s e e n in the adit of the V i r t u e m i n e ( P l a t e 2 ) , 
w h e r e h o r i z o n t a l l y b e d d e d , u n c o n s o l i d a t e d g r a v e l s and s a n d s , 
and s e m i c o n s o l i d a t e d c o n g l o m e r a t e s of P l e i s t o c e n e and R e c e n t 
age a r e s e p a r a t e d f r o m a l t e r e d , f r a c t u r e d P r e c a m b r i a n g r a n i t e 
by a zone of gouge and b r e c c i a 12 f e e t w i d e . The gouge i s 
d e n s e , v e r y dark r e d d a y - l i k e m a t e r i a l . At t h i s l o c a l i t y the 
faul t d ips 6 0 ° S W . 
The. t h i c k n e s s of the g r a v e l s on the downthrown s i d e of 
the M a n g a s faul t cannot be m e a s u r e d . T h e r e f o r e , the t o t a l 
v e r t i c a l d i s p l a c e m e n t of the faul t i s unknown. E x a m i n a t i o n 
of the a t t i tude of the r o c k s on the upthrown b l o c k , h o w e v e r , 
s u g g e s t s a t h r o w of not l e s s than 1 5 0 0 f e e t (note s t r u c t u r a l 
c r o s s s e c t i o n s , P l a t e 2 ) . M o v e m e n t a long the M a n g a s fault 
was p o s t - P l e i s t o c e n e ( F i g . 2 4 ) . Many s i l i c i f l e d j o i n t s in the 
P r e c a m b r i a n B u r r o M o u n t a i n s b a t h o l i t h p a r a l l e l the t r e n d 
of the M a n g a s f a u l t , s u g g e s t i n g t h a t the p o s t - P l e i s t o c e n e 
m o v e m e n t may have f o l l o w e d p r e - e x i s t i n g l i n e s of w e a k n e s s . 
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T h e r e m a i n d e r o f t h e f a u l t s a l l t r e n d g e n e r a l l y n o r t h -
e a s t , a n d h a v e s m a l l e r d i s p l a c e m e n t s t h a n t h e M a n g a s f a u l t . 
F e w f a u l t s o f t h i s p a t t e r n s h o w d i s p l a c e m e n t s i n e x c e s s o f 
2 0 0 f e e t , a n d m o s t s h o w l e s s . 
T h e m a j o r i t y o f t h e n o r t h e a s t t r e n d i n g f a u l t s a r e e a s i l y 
r e c o g n i z e d a n d t r a c e d w h e r e t h e y o f f s e t t h e B e a r t o o t h q u a r t z i t e 
o r t h e C o l o r a d o s h a l e ( F i g . 2 5 ) , bu t b e c o m e d i f f i c u l t t o t r a c e 
Figure 25. Small fault In the headwaters of Bedrock Canyon near the 
center of Sec. 35, T . 18 S . , fi. IS W, The altered, bleached andesite of the 
lower volcanic unit is on the right; the dark gray shales of the Colorado shale 
are on the left. The camera faces northeast, along the strike of the fault. 
w h e r e t h e y t r a v e r s e t h e T e r t i a r y v o l o a n i c a . M a n y d o n o t d i s 
t u r b r o c k s a b o v e t h e l o w e r v o l c a n i c u n i t , b u t a f e w o f f s e t 
u n i t s a s h i g h i n t h e s e q u e n c e a s t h e b a s a l t u n i t . W i t h o n e 
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e x c e p t i o n , f a u l t s o f t h i s s y s t e m a r e t e r m i n a t e d b y t h e M a n g a s 
f a u l t . A f e w s h o w d i s t i n c t d r a g - f o l d i n g ( F i g . 2 6 ) . 
* 4» 
Figure 26. Brag-folding on a small fault in the Colorado shale at the 
bottom of Bedrock Canyon near the middle volcanic unit quarry. The camera 
faces northeast, along the strike of the fault. 
T h e o n l y f a u l t o f t h e L i t t l e B u r r o M o u n t a i n s w h i c h 
d i s p l a c e s t h e M a n g a s f a u l t i s t h e I n d i a n P e a k f a u l t , w h i c h 
t r e n d s n o r t h e a s t a c r o s s t h e n o r t h w e s t f l a n k o f I n d i a n P e a k 
( P l a t e 2 ) . T h e I n d i a n P e a k f a u l t i n t e r s e c t s t h e M a n g a s f a u l t 
a b o u t o n e m i l e n o r t h o f t h e t o w n o f T y r o n e , a n d o f f s e t s t h e 
n o r t h e r n p o r t i o n o f t h e m o u n t a i n s 1 6 0 f e e t t o t h e s o u t h w e s t . 
T h i s f a u l t c a n n o t b e t r a c e d t h r o u g h t h e P l e i s t o c e n e a n d R e c e n t 
g r a v e l s o f t h e M a n g a s V a l l e y ; b u t , b e c a u s e o f i t s a g e a n d 
t r e n d , i t s e e m s p o s s i b l e t h a t i t m a y b e r e l a t e d t o t h e B u r r o 
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C h i e f f a u l t o f t h e T y r o n e m i n i n g d i s t r i c t ( P a i g e , 1 9 2 2 ; 
G i l l e r m a n , 1 9 5 6 ) . 
W i t h t h e e x c e p t i o n of t h e I n d i a n P e a k f a u l t , a l l 
t h e n o r t h e a s t t r e n d i n g f a u l t s s e e m t o h a v e b e e n a c t i v e 
p r i o r t o m o v e m e n t o n t h e M a n g a s f a u l t . E v i d e n c e f o r 
t h i s i s t h e d i f f e r e n c e i n t h i c k n e s s of t h e l o w e r v o l -
c a n i c u n i t o n t h e t w o s i d e s of t h e C e d a r C a n y o n f a u l t 
a n d o t h e r n o r t h e a s t t r e n d i n g f a u l t s . M o v e m e n t o n t h e 
C e d a r C a n y o n f a u l t t o o k p l a c e b e f o r e t h e e x t r u s i o n of 
t h e t u f f s ©f t h e m i d d l e v o l c a n i c u n i t , o r p o s s i b l y 
d u r i n g e x t r u s i o n o f t h e l o w e r v o l c a n i c u n i t a n d e s i t e s . 
M a n y of t h e s e f a u l t s d o n o t d i s p l a c e t h e u p p e r v o l c a n i c 
a n d b a s a l t u n i t s o r t h e Q u a t e r n a r y g r a v e l s . T h e t r e n d 
of f a u l t i n g w a s e s t a b l i s h e d i n P r e c a m b r i a n t i m e , a n d 
r e p e a t e d m o v e m e n t a s l a t e a s Q u a t e r n a r y i s s h o w n b y 
s o m e f a u l t s . 
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E x p l o i t a t i o n of t h e m i n e r a l d e p o s i t s o f t h e L i t t l e 
B u r r o M o u n t a i n s h a s b e e n c e n t e r e d l a r g e l y w h e r e t h e 
q u a r t * f i s s u r e v e i n s t r a v e r s e t h e P r e c a m b r i a n g r a n i t e 
of t h e B u r r o M o u n t a i n s b a t h o l i t h o n t h e w e s t e r n s i d e 
of t h e r a n g e . M i n i n g i n t h i s a r e a h a s b e e n s p o r a d i c , 
b u t i t w a s a t i t s p e a k i n t h e e a r l y p a r t o f t h e 
T w e n t i e t h C e n t u r y . 
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P o u r m a j o r v e i n s a r e d i s c u s s e d b y P a i g e ( 1 9 1 6 ) ; and 
t w o s m a l l e r v e i n s , a l o n g w h i c h t h e S n o w f l a k e and J e r s e y 
L i l y m i n e s a r e l o c a t e d , l i e n o r t h w e s t o f t h e a r e a m e n t i o n e d 
b y P a i g e . 
T h e C o n t a c t m i n e ( F i g . 2 7 ) i s a l o n g a n o r m a l f a u l t s t r i k -
i n g g e n e r a l l y n o r t h . T h e V i r t u e v e i n , t o t h e s o u t h , i s a l o n g 
t h e s a m e f a u l t . M i n e r a l s n o t e d in t h e C o n t a c t v e i n i n c l u d e 
p y r i t e , c h a l c o p y r i t e , a m i x t u r e o f m a n g a n e s e o x i d e s , and 
Figure 27. The Contac mine. The pile of black material beside the 
headframe is manganese o re , Note the yellow and white color of the bleached 
and altered Precambrian granite exposed below and to the left of the headframe. 
The camera faces west, 
f i n e l y d i s s e m i n a t e d s i l v e r a n d l e a d s u l f i d e that i s p r o b a b l y 
f i n e - g r a i n e d a r g e n t i f e r o u s g a l e n a ( P a i g e , 1 9 1 1 ) . S o m e g o l d 
w a s a s s o c i a t e d w i t h t h e p y r i t e . P a i g e n o t e s t h a t t h e v e i n 
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g r o w s l e s s d i s t i n c t to the n o r t h , s e e m i n g to d i e out in a 
s e r i e s of s m a l l f r a c t u r e s . T h e C o n t a c t mine was i n a c t i v e 
d u r i n g m o s t of the p e r i o d b e t w e e n 1 9 1 5 and 1 9 4 0 , but was 
r e o p e n e d d u r i n g the e a r l y 1 9 4 0 ' s and m i n e d f o r m a n g a n e s e . 
A t t h i s t i m e the v e i n was f o l l o w e d to the s o u t h , unt i l i n c r e a s -
ing c o p p e r c o n t e n t r e n d e r e d m i n i n g u n e c o n o m i c a l . 
The V i r t u e mine i s e x p l o r e d by a shaft and adit l o c a t e d 
n e a r the i n t e r s e c t i o n of the C o n t a c t fau l t with the M a n g a s 
f a u l t . F r e e g o l d , and s i l v e r w e r e p r o d u c e d f r o m t h i s m i n e , 
and t o t a l p r o d u c t i o n r e p o r t e d i s in the v i c i n i t y of $ 5 0 0 , 0 0 0 
( C . S . W o o d w a r d , o r a l c o m m u n i c a t i o n ) . T h e l o w e r l e v e l of 
the m i n e i s e n t e r e d by an adit which c r e s s e s the M a n g a s 
f a u l t , a f f o r d i n g an e x c e l l e n t e x p o s u r e of the f a u l t z o n e . 
W e s t of the C o n t a c t v e i n i s the W y m a n v e i n , a s i l i c i f l e d 
f r a c t u r e s o n e which has been w o r k e d l a r g e l y by o p e n - p i t 
m e t h o d s of s m a l l e x t e n t , and s h a l l o w s h a f t s . M o s t of the 
p r o d u c t i o n was f r o m a b o v e 4 0 f e e t . 
About t h r e e - f o u r t h s of a m i l e north of the W y m a n m i n e 
i s the F u l l Moon m i n e , p r o b a b l y l o c a t e d on the n o r t h e r n e x -
t e n s i o n of the W y m a n v e i n . D u r i n g r e c e n t y e a r s , the F u l l 
Moon m i n e was m i n e d by C . S . W o o d w a r d f o r l e a d . T h e o r e 
m i n e r a l , g a l e n a , was d i s s e m i n a t e d in a l t e r e d , b l e a c h e d g r a n i t e 
and in f r a c t u r e s a s s o c i a t e d with the v e i n . 
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T h e C a s i n o v e i n i s a s l l l e l f i e d f a u l t z o n e l y i n g w e s t o f 
t h e W y m a n v e i n . T h e f a u l t i s n e a r l y v e r t i c a l a t t h e s u r f a c e , 
b u t i s r e p o r t e d t o d i p s t e e p l y e a s t a t d e p t h . P r o d u c t i o n f r o m 
t h i s m i n e w a s s m a l l , a n d l a r g e l y f r o m , a f e w r i c h s t r e a k s o f 
f r e e g o l d ( P a i g e , 1 0 1 1 ) . 
T h e J e r s e y L i l y m i n e , a b o u t o n e a n d o n e - f o u r t h m i l e s 
n o r t h w e s t o f t h e C a s i n o m i n e , w a s o p e r a t e d f o r a s h o r t t i m e 
f o r s i l v e r . T h e m a j o r o r e m i n e r a l w a s e e r a r g y r i t e . H o 
i n f o r m a t i o n i s a v a i l a b l e c o n c e r n i n g t h e t o t a l ' p r o d u c t i o n . 
T h e S n o w f l a k e m i n e i s a f e w t h o u s a n d f e e t n o r t h o f t h e 
J e r s e y L i l y m i n e , A r g e n t i t e , e e r a r g y r i t e , a n d r u b y s i l v e r s 
w e r e m i n e d . I t i s r e p o r t e d , t h a t a b o u t 2 5 0 t o n s o f o r e w e r e 
p r o d u o e d f r o m t h i s p r o p e r t y ( C . W o o d w a r d , o r a l c o m m u n i -
c a t i o n ) . 
A s m a l l f l u o r i t e d e p o s i t , T h e A c e H i g h , i s l o c a t e d i n 
t h e S £ £ S e c . 2 8 , T . 18- S . , S . 15 W . , f o u r a n d o n e - h a l f m i l e s 
n o r t h w e s t o f t h e t o w n o f T y r o n e , in P r e c a m b r i a n g r a n i t e n e a r 
t h e M a n g a s f a u l t ( G i l l e r m a n , 1 0 5 2 ) . 
P o r t i o n s o f t h e w e l l - b e d d e d m i d d l e v o l c a n i c u n i t h a v e 
b e e n u t i l i z e d f o r b u i l d i n g s t o n e i n t h e S i l v e r C i t y a r e a , a n d a 
s m a l l q u a r r y i s p r e s e n t i n t h e S W | S e e . 2 7 , T . 18 S . , B . 15 W 
T h i s s t o n e , b e c a u s e o f i t s a t t r a c t i v e p i n k a n d w h i t e c o l o r , 
m a k e s an i n t e r e s t i n g d e c o r a t i v e m a t e r i a l . S e v e r a l b u i l d i n g s 
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in S i l v e r Ci ty a r e f a c e d with the a t o n e , and the q u a r r y i s s t i l l 
s p o r a d i c a l l y o p e r a t e d ( F i g . 2 8 ) . 
Figure 28. Building atone quarry in the middle volcanic unit on the east 
aide of Bedrock Canyon. The camera face® northeast. 
T h e e a r l i e s t e v e n t i n the h i s t o r y o f the L i t t l e B u r r o 
M o u n t a i n s o f which a r e c o r d s t i l l r e m a i n s was t h e d e p o s i t i o n 
of P r e c a m b r i a n s e d i m e n t a r y r o c k s . T h e s e r o c k s w e r e r e g i o n -
a l l y m e t a m o r p h o s e d and i n t r u d e d by t h e l a t e r P r e c a m b r i a n 
B u r r o Mountaina b a t b o l i t h . E r o s i o n , f o l l o w i n g the c o o l i n g of 
the m a g m a , r e m o v e d much of the m e t a m o r p h i c r o c k s , l e a v i n g 
only a few roof p e n d a n t s and b l o c k s e n m e s h e d in the b a t h o l i t h . 
"4 
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No r e c o r d , e x c e p t that of e r o s i o n , r e m a i n s in the L i t t l e 
B u r r o M o u n t a i n s f r o m the t i m e of the b a t h o l i t h to the d e p o -
s i t i o n of C r e t a c e o u s s e d i m e n t s . To the w e s t , in the B i g B u r r o 
M o u n t a i n s , even C r e t a c e o u s s e d i m e n t s a r e a b s e n t . A few 
m i l e s to the e a s t and n o r t h e a s t , h o w e v e r , t h i s i n t e r v a l i s 
r e p r e s e n t e d in p a r t by s e v e r a l hundred f e e t of P a l e o z o i c and 
M e a o z o i c s t r a t a ( P a i g e , 1 0 1 0 ) , Two p o s s i b l e h y p o t h s e s a r e 
s u g g e s t e d to e x p l a i n the s e q u e n c e of e v e n s in the L i t t l e B u r r o 
M o u n t a i n s dur ing P a l e o z o i c and E a r l y M e a o z o i c t i m e : 1 . E i t h e r 
the L i t t l e B u r r o M o u n t a i n s w e r e p a r t of a s t r u c t u r a l l y p o s i t i v e 
e l e m e n t t h r o u g h o u t P a l e o z o i c and E a r l y M e a o z o i c t i m e , and 
r e c e i v e d no s e d i m e n t s ; o r , 2 . An unknown t h i c k n e s s of P a l e o -
z o i c (and M e s o z o i c ? ) s t r a t a w e r e d e p o s i t e d , and s u b s e q u e n t l y 
s t r i p p e d f r o m the a r e a by p r e - B e a r t o o t h upl i f t and e r o s i o n . 
S p e n c e r and P a i g e ( 1 9 3 5 ) note that the b a s e of the B e a r -
tooth q u a r t z i t e i s e s s e n t i a l l y f l a t , but that it was d e p o s i t e d 
in the S i l v e r C i t y a r e a on r o o k s r a n g i n g in age f r o m P r e c a m b r i a n 
to P e r m i a n . T h e s e p r e - C r e t a c e o u a r o c k s m u s t , t h e r e f o r e , have 
been u p l i f t e d , t i l t e d , and e r o d e d n e a r l y to b a s e l e v e l p r i o r to 
the d e p o s i t i o n of the B e a r t o o t h q u a r t z i t e . T h e upl i f t I s p r e -
s u m e d to have been g r e a t e s t to the w e s t , and the B i g B u r r o 
M o u n t a i n s p r o b a b l y r e m a i n e d as a p o s i t i v e a r e a dur ing C r e -
t a c e o u s and T e r t i a r y td m e . If s o , the s h o r e l i n e of the s e a 
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which d e p o s i t e d the C o l o r a d o s h a l e m u s t have b e e a in the a r e a 
j u s t west o f the L i t t l e B u r r o M o u n t a i n s , 
F o l l o w i n g upl i f t and b e v e l i n g of t h e p r e - C r e t a c e o u s r o c k s , 
Late C r e t a c e o u s s e a s a d v a n c e d o v e r the a r e a , and the B e a r -
t o o t h q u a r t z i t e and t h e C o l o r a d o s h a l e w e r e d e p o s i t e d . 
U p l i f t and e r o s i o n f o l l o w e d d e p o s i t i o n of the C o l o r a d o 
s h a l e , and , in Late. C r e t a c e o u s or E a r l y T e r t i a r y t i m e , a n d e -
s l t i e l a v a s o f the l o w e r v o l c a n i c unit f l o w e d out upon the 
e r o s i o n s u r f a c e d e v e l o p e d on the C r e t a c e o u s r o c k s in the L i t t l e 
B u r r o M o u n t a i n s . 
At about the s a m e t i m e the q u a r t z m o n z o n i t e L i t t l e B u r r o 
M o u n t a i n s s t o c k w a s i n t r u d e d in the s o u t h e r n p a r t of the 
mapped a r e a . 
F a u l t i n g was a c t i v e , p r o b a b l y s u b s e q u e n t to the e x t r u s i o n 
o f the l o w e r v o l c a n i c u n i t , as i n d i c a t e d by the g r e a t d i f f e r e n c e 
in t h i c k n e s s of the a n d e s l t e on e i t h e r s i d e of the C e d a r Canyon 
f a u l t ( P l a t e 2 ) . 
A long p e r i o d o f e r u p t i o n and d e p o s i t i o n of p y r o c l a s t i c 
and f low r o c k s e n c o m p a s s i n g a wide a r e a in s o u t h w e s t e r n New 
M e x i c o f o l l o w e d the e x t r u s i o n o f the l o w e r v o l c a n i c u n i t . T h i s 
p e r i o d of i n t e n s e v u l c a n i s m was a c c o m p a n i e d and f o l l o w e d by 
n o r m a l f a u l t i n g in the L i t t l e B u r r o M o u n t a i n s , p o s s i b l y in 
c o m p e n s a t i o n for the r e m o v a l o f such a l a r g e v o l u m e of m a -
t e r i a l f r o m b e n e a t h the s u r f a c e . O u t p o u r i n g s o f b a s a l t s , 
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p o s s i b l y s e p a r a t e d b y a l o n g e r o s i o n i n t e r v a l f r o m t h e e a r l i e r 
v o l c a n i c s , m a r k e d t h e e n d o f i g n e o u s a c t i v i t y i n t h e L i t t l e 
B u r r o M o u n t a i n s . 
D u r i n g Q u a t e r n a r y t i m e e r o s i o n o f t h e s u r r o u n d i n g m o u n -
t a i n a r e a s c o v e r e d o r p a r t l y c o v e r e d t h e L i t t l e B u r r o M o u n -
t a i n s w i t h a t h i c k s e q u e n c e o f s a n d s a n d g r a v e l s . U p l i f t a l o n g 
t h e M a n g a s f a u l t c a u s e d a n o r t h e a s t t i l t o f t h e L i t t l e B u r r o 
M o u n t a i n s a r e a , a n d t h e f o r m a t i o n o f t h e t o p o g r a p h i c h i g h . 
E r o s i o n r e s u l t e d i n t h e r e m o v a l o f t h e s e u n c o n s o l i d a t e d a n d 
s e m i c o n s o l i o a t e d m a t e r i a l s , and t h e c o n s e q u e n t e x p o s u r e o f 
c r y s t a l l i n e a n d l a y e r e d r o c k s . T h i s e r o s i o n in R e c e n t t i m e 
h a s g i v e n t h e m o u n t a i n s t h e i r p r e s e n t f o r m . 
58 
R E F E R E N C E S C I T E D 
G I L L E R M A N , E l l i o t , 1 9 5 2 , F l u o r s p a r d e p o s i t s o f t h e B u r r o 
M o u n t a i n s a n d v i c i n i t y , N e w M e x i c o : U . S . G e o l o g i c a l 
S u r v e y B u l l . 9 3 7 - f , p . 2 6 1 - 2 6 9 . 
, a n d W h i t e h e a d , O . V . , 1 9 5 6 , U r a n i u m b e a r i n g 
n i c k e l - c o b a l t - n a t i v e s i l v e r d e p o s i t s in t h e B l a c k H a w k 
d i s t r i c t , - G r a n t C o u n t y . N e w . M e x i c o : U . S . G e o l o g i c a l 
S u r v e y B u l l . 1 0 0 9 - k , p . 2 8 3 - 2 9 4 . 
N E W M E X I C O G E O L O G I C A L S O C I E T Y , 1 9 5 3 , G u i d e b o o k o f 
s o u t h w e s t e r n N e w M e x i c o : F o u r t h F i e l d C o n f e r e n c e . 
P A I G E , S i d n e y , 1 9 1 1 , M e t a l l i f e r o u s o r e d e p o s i t s n e a r t h e 
B u r r o M o u n t a i n s , G r a n t .County . , N e w M e x i c o ; U . S . G e o -
l o g i c a l S u r v e y B u l l . 4 7 0 , p . 1 3 1 - 1 5 0 . 
— — , 1 9 1 6 , S i l v e r C j t y q u a d r a n g l e , N e w M e x i c o : U . S . 
G e o l o g i c a l S u r v e y G e o l o g i c A t l a s , f o l i o 1 9 9 . 
- — — » 1 9 2 2 , C o p p e r d e p o s i t s ^ t b ^ T y r o n e d i s t r i c t , N e w 
M e x i c o : U . S . G e o l o g i c a l S u r v e y P r o f . P a p e r 1 2 2 . 
S P E N C E R , A . C . , a n d P a i g e , S i d n e y , 19 3 6 , G e o l o g y o f t h e 
S a n t a R i t a m i n i n g a r e a . N e w M e x i c o : U . S . G e o l o g i c a l 
S u r v e y B u l l . 8 5 9 , p . 1 - 6 3 , p l a t e 3 . 
W A R G O , J o s e p h G . , 1 9 5 9 , u n p u b l i s h e d m a n u s o r i p t . 
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A P P E N D I X 
Measured Section 1. f r o m the intersection of the bottom of Bedrock Canyon with 
the southern boundary of See, 27, T . 18 S.» » , 15 W , , along a line N38°E 




Upper volcanic unit (41 feet, top missing). 
22. Felsite agglomerate. Dark red, irregular weathered 
surface. Large fragments of dense gray felsitic rock 
|" to 3" in diameter contained in a dark red, vesicular 
matrix consisting largely of g lass , some quartz and 
biotite grains, and extensive red stain, . . . . 41 
Middle voleanio unit (426 feet) 
21. Rhyollte tuff. Light pink. Thte-bedded, parting easily 
along bedding planes 38.4 
20. Felsite tuff. Massive, white, ohalky. Fine-grained. 
Sttb-conchoidal, blocky fracture . . . . . . . . . . . . . . 9 
19. Daoite ( ? ) tuff. Pink and white. Medium to fine-grained. 
Contains-many gray, rounded grains of quarts and f e l -
site suggesting a detrltal environment. Composition 
variable, some beds being more resistant than others , . 18 
18. Felsite tuff. White, with tinges of pink and green. Some 
rounded quartz (?) and felsite grains. . . . . . . . . . . . 26.5 
17. Latite tuff. Pink. Medium-bedded . . . . . . . . . . . . 4 
16. Quarts latite. White, Phenoorysts of quartz in glassy 
matrix. 15 
15. Rhyolite tuff. Pink. Many fine, rounded grains of fel-
site of quartz 5 




13. Quartz latite tuff-conglomerate. White and 
pink. Contains many fine-rounded quartz grains. 
Medium- to fine-bedded; exhibiting cross -bedd-
ing near base 45 
12. Quartz latite tuff, similar to upper part of unit 13. 
White and pink, to yellow where weathered. Thin 
to thick-bedded . . . . . . . . . . . . . . . . . . . . 130 
11. Rhyolite tuff. Mottled pink and white. Very soft . . 5 
10. Covered interval . . . . . . . . . . . . . . . . . . . 115 
Cretaceous 
Colorado shale (110.8 feet. Incomplete, bottom not exposed) 
9. Sandstone. Yellow-brown and grey. Clear, angu-
lar to gubangular quartz grains, with large amounts 
of brown iron oxides and powdery white cement. 
Well developed leesegang rings. Massive . . . . . . 60 
8. Shale. Blue-gray. Thin-bedded, with sparse, thin, 
brown sandstone layers 6 
7. Sandstone. Yellow-brown. Massive; interbedded 
with blue-gray and green s h a l e . . . . . . . . . . . . 18 
6. Shale. Blue-gray. Hounded, blocky weathering. 
Sandy. Medium-bedded. . . . . . . . . . . . . . . . 5 
5. Sandstone. Brown, with rounded weathering. 
Shaley. Massive, medium bedded . . . . . . . . . . 7 
4. Shale. Gray. With thin, interbedded brown sand-
stone layers. 8.5 
3. Shale. Blue-gray. Thin-bedded, fissile . . . . . . 2 
2. Sandstone. Fine, clear quartz grains. Massive, 
with faint cross-bedding. 4.3 
1. Sandstone. Brown and gray. Fine-grained. 
Thin-bedded. . . . . . . . . . . . . . . . . . . . . ? 
56 
Measured Section 2. From the Mangas fault in the £ | of Sec. 11, T. 19 S . , 
R . 15 W . . along a line northeast to the SWj of Sec. 12, T. 19 S . , 




.Basalt unit (160 feet. Incomplete, top eroded) 
14. Divine basalt porphyry. Black. Resistant; rough, 
blocky weathering. Phenocrysts of loivine 0.5 mm 
to 1.5 mm in diameter in matrix of felted plagio-
clase microl ites. . The olivine i s altering to brown, 
pleoehrolc iddittgsit© . . . . . . . . . . . . . . . . . . 160 
Upper volcanic unit (948 feet) 
13. Quartz latite tuff. Very soft, white chalky. R e s i s -
tant to erosion where silioified along joints . . . . . . 28 
12. Covered interval . . . . . . . . . . . . . . . . . . . . 66 
11. Dacite tuff. Gray-pink, weathering brown. Grains of 
saaidine and plagioclase visible, much quartz, about 
40% glass. Medium grained . . . . . . . . . . . . . . . 165 
10. Tuffs, conglomerate-tuffa, e tc . Overall co lor pink 
and white. Mostly latites, quartz latites, and some 
rhyolites. Near base quite conglomeratic. Agglom-
erate flow at base with fragments of gray felsite in 
matrix light-colored, soft material. Thin to thick-
bedded. . . . . . . . . . . . . . . . . . . . . . . . . . 690 
Middle volcanic unit (311.3 feet) 
9. Rhyolite tuff. White to pale blue-gray. Some fine, 
rounded quartz grains. Thin-bedded. 20 
8. Latite tuff. Pink. Medium to coarse quartz grains 
concentrated along bedding planes . . . . . . . . . . . 2 
? , Felsite tuff. White, very soft. Very fine-grained. 




S. Quartz latite tuff. Pink, with rounded grains of 
gray quartz o r felsite. Medium-bedded . . . . . . . . 3.5 
5. Rhyolite ( ? ) tuff. Pink near top, white near base. 
.Medium to thin-bedded, in places fissile . SO 
4. Lattte tuff. Pink, Grains of white, altered ptagio-
etase visible in hand specimen!. Medium grained. 
Well-bedded. 5.5 
3, Felsite tuff. Pink to gray-green, soft. Thin-bedded. I f 
Lower volcanic unit (180 feet. Incomplete, in contact with 
Mangas fault) 
2. Andeslte porphyry. Black and dark gray. Some f low-
llneated vesicles near base 173 
1. Andeslte porphyry. Medium to dark gray. Less 
vesicular than unit 2 7 
' Measured Section 3. In Cedar Canyon from the center of Sec. 2 , T . 19 S . , R . 15 W . , 
along canyon bottom from Cretaceous/Precambrian contact northwest to the 
base of the Quaternary gravels (Plate 2) . 
Quaternary 
Quaternary unconsolidated gravels and sands 
9. Gravels and sands. Gray-pink ami buff. Cobbles and 
pebbles of Precambrian, Cretaceous, and Tertiary 
rocks , with interstitial sand and silt. Unconsolidated 
or poorly consolidated; poorly sorted. Bedded, but 
bedding obscure 
Tertiary 
Lower volcanic unit (242 feet) 
8. Attdesiie. Black and dense where fresh, light brown 
. and, soft where altered. Phenoorysts of andesine in a 






one foot thick 31 
6. Sandstone. Gray. Medium-grained, calcareous. 
Locally abundant Grygitaea sp. of. aewberryj, . . . . 1.5 
5. Shale. Similar to unit 7 . . . . . . . . . . . . . . . . 5 
4. Shale and mudstone. Gray, rounded weathering. Cal-
otwww. Mebieoerasjjg., %an#ieerag c 
spldoceras m . ©f. footeanam (Stollctka), Rjmaniejaras 
0} f £ . , Iaoceramus j g . j f . ggjfelftt&l. Calycoceras 
(?) m 4 
3. Shale, dark gray and brown. Locally .sandy* Thin 
interbedded layers of medium-grained brown and 
yeilow-browa, cross-bedded sandstone . 115 
Beartooth quartzite (117 feet) 
2. Quartzite. Locally heavily stained brown and black 
by iron and manganese oxides, but light gray where 
fresh. Mostly nearly pits fine- to medium quartz 
grains; locally conglomeratic. Thick to massive bed-
ded; locally cross-bedded. Interbedded, gray and 




1. Granite. Yellow and gray, very soft and friable; 
easily weathered. Extensively altered, . . . . . . . . ? 
Cretaceous 
Colorado sbale (1.58.5 feet. Top disturbed and variable) 
7. Shale. Brown and gray to black. Locally sandy. 
Interbedded with yellow-brown, medium-grained, 
cross-bedded sandstone layers from six inches to 
59 
Measured Section 4, From the bottom of Bedrock Canyon in the NW|- of Sec. 
27, T . 18 S , , B. 16 W , , along a line NNE to the N| of Sec, 22, T , 18 I . , 




Basalt unit (91 feet. Incomplete) 
9. Olivine basalt porphyry. Black, dense, resistant; 
• ' 4 irregular, blacky weathering? weathers gray. 
Phenocrysts ©I olivine altering to iddingsite in a 
felted matrix of plagioolase laths. 91 
Upper volcanic unit (768 feet) 
8. Tuffs, Light pink, locally pure white, Mostly latites, 
quartz latites, and some rhyolitea. The sequence is 
mostly covered, preventing detailed study. Thickness 
by calculation . 727 
7, Felsite agglomerate. Dark red, irregular weathered 
surface. Large fragments of dense, very fine-
grained'felsite J» to 4" in diameter in a dark red, 
vesicular, glassy matrix. Extensive red iron oxide 
stain , . . 36 
Middle volcanic unit (311 feet) 
6. (Rhyolite, latite, and quartz latite tuffs,) Interval 
mostly covered, except for a 6* layer of pink and 
white quartz latite directly underlying the felsite 
agglomerate of unit 7 , . 311 
Lower volcanic unit (96 feet) 
S. Andesite and andesite porphyry, Dark red and brown, 
poorly resistant. Heavily altered 96 
Cretaceous 
Colorado shale (150 feet) 
4. Covered interval. Bed-brown shale and fine-grained 




3. Sandstone. Gray-brown to pink-brown. Medium-
grained; arkosic, with abundant weathered feldspar 
grains. Medium bedded 15 
2. Shale. Gray; sandy. Interbedded with black, thin-
bedded shale, and thin, fine-grained brown sandstone. 
Sandstone 6" to 1' thick near the top of the unit, 
cross-bedded 84 
Beartooth quartzite (Base not exposed) 
1. Quartzite. Gray, dense, with extensive red and black 
stain. Medium to thick-bedded. Interbedded sparse, 




GEOLOGIC MAP AND S T R U C T U R A L SECTIONS OF 
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